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Instability and control in large GCRs 

The dynamic response of a reactor to changes in reactivity has a 
strong influence on control system design. J. G. Tyror, of Reactor 
Division, Harwell, discusses factors affecting this response 


Status report on thermonuclear research 

Britain's first open conference on this subject was held in London last 
month by the IEE. Dr A. E. Robson, of Harwell’s CTR Division, 
reviews progress since Geneva 


Chapelcross—Design and construction report 

At the time of the official opening of the station, NUCLEAR POWER 
reviews in pictures the design improvements made since Calder Hall 
and site difficulties overcome 


Chapelcross—Commissioning the first reactor 

The Works Manager, D. R. R. Fair, describes how, with the experi- 
ence gained at Calder, reactor 1 was put into operation with greatly 
improved efficiency 


Chapelcross—Industry’s share 

Over 2000 contracts were placed for the construction of this station 
by the AEA and the consulting engineers. Here are details of the 
most important 


Applications of radiation detectors 

In the last of this series of articles, W. R. Loosemore, Electronics 
Division, Harwell, shows how the instruments described in previous 
issues can best be used in research and industry 


NUCLEAR TECHNOLOGY 


REACTORS : 

A new concept in power plants by A. P. Fraas 

MATERIALS: 

A comparison of argon and helium welding shields by J. Barker 
PROCESSES: 

Handling curie levels of beta-gamma active solutions by J. H. Moss, 
G. P. Kitt and P. E. Brown 

RADIATION: 

Calibration of neutron sources—Methods used at the US National Bureau 
of Standards 


PROGRESS IN INDUSTRY 


Pressure vessel fabrication 
New heavy engineering shop opened at International Combustion 
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TRIUMPHS OF SHELL RESEARCH 


or Shell Alvania 


For years now Shell Alvania greases have been a 
byword for stability in roller bearings. What is the 
secret? Lithium 12 hydroxy stearate, one of Shell’s 
prized patents. 

But stability is not enough. As new industrial 
techniques have been developed and new machines 
evolved, new problems have emerged with them 
and old problems have been intensified. Shell 
research teams at Thornton have made it their 
business to find the answers. 

First problem was the /ength of life of the grease 
charge at the higher running temperatures of some 
modern machines. Could this life be lengthened? 
Shell scientists, through new Shell Alvania, have 
given an emphatic answer — at 130°C., the danger 
mark where most greases fail quickly through 
dynamic oxidation, Shell Alvania will live three 
times as long. 

The second associated problem was the oxida- 
tion promoted by yellow metal cages. Could this 


The Research Story 


be reduced? The answer, in Shell Alvania, is the 
Virtual suppression of the effects of yellow metal. 

Problem three was corrosion caused by moisture. 
Could this be prevented? The answer was given 
in the Thornton Wet Bearing, Rig Test*, where 
new Shell Alvania won an anti-corrosion rating 
of 10 out of 10. 

New Shell Alvania greases were put on the 
market in March, 1957, and already, as proof of 
their success, tens of thousands of new electric 
motors leave British makers’ works each week 
with Shell Alvania greases in their bearings. 

What is the moral of the Shell Alvania story? 
That Shell research is supremely applicational. 
The centre at Thornton is always ready to work 
with even the most specialised sectors of industry 
to produce the right grease for the job. If you and 
your organisation have any major lubrication 
problems, it will pay you to get in touch with your 
local distributor of Shell Industrial Lubricants. 




















*In the Thornton Wet Bearing Rig Test water was fed through a 
20 mm. bore bearing with a special demountable plastic cage (to 
simplify inspection) charged with the grease under examination to 
a weighed quantity rotating at 3,000 r.p.m. The rate of supply of 
water was one gallon per minute, the water running to waste. After 
5 hours’ operation the bearing was removed and stored horizontally 
half immersed in water for three days. Anti-corrosion merit ratings 
were given at the end of the test. High-quality greases without 
special protectives showed an average rating of 3 out of 10, while 
new Shell Alvania rated 10 out of 10. 


ALVANIA GREASES 
another proof of Shell leadership in lubrication 
NUC 
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RIO TINTO 


is now able to supply uranium in commercial quantities 
for power and research programmes. The nuclear grade 
products now available include the following: 


Ammonium Diuranate 
Standard Grade Uranium Dioxide 


Uranium Tetrafiuoride 


Uranyl Nitrate Hexahydrate 
Ceramic Grade Uranium Dioxide 


Uranium Metal 


Uranium metal is normally supplied as machined ingot but 
facilities exist for forging and rolling to special sizes and 
shapes to meet individual requirements. 


Prices and specifications on application to 
Rio Tinto Management Services (UK) Limited 


Barrington House, 59 Gresham Street, London, E.C.2 
TELEPHONE: METROPOLITAN 9101 





C. A PARSONS & CO. LTR. 





These names 


A. REYROLLE & CO. LTB. 


make 


NUCLEAR 


HEAD, WRIGHTSON & CO. LTD. 


POWER 


SIR ROBERT McALPINE & SONS LTD. 





Bradwell, Essex, has leapt into fame : a Ee 
as the site of the first commercial = 1M WHESSOE LTD. 
nuclear power station in the world to “ 
be built by N.P.P.C. Eight names make 
The Nuclear Power Plant Company Limited. 
N.P.P.C. thus combines the resources 
of eight specialist companies whose individual 
skills are co-ordinated to form a 
unified team capable of undertaking the | 
construction of complete nuclear 2 
power stations throughout the world. Al, aN ALEX. FINDLAY & CO. LTD. 


STRACHAN & HENSHAW LTD. 





Bradwell nuclear power station will have 
a guaranteed output of 300 Megawatts. It is 
being built by The Nuclear Power Plant 


- F CLARKE, CHAPMAN & CO. LTD. 
Co. Ltd. for the Central Electricity Authority. des ” 


. Greater Britain through e Nuclear Power 





THE NUCLEAR POWER PLANT COMPANY LIMITED - BOOTHS HALL - KNUTSFORD CHESHIRE 
TGA NP3 
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qi) ASHMORE, BENSON, PEASE & COMPANY 


AUSTRALIA CANADA ; INDIA : : SOUTH AFRICA 
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WHESSOE LIMITED 


DARLINGTON 


AND LONDON 
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Factories, Subsidiary Companies, Branch Offices, and Representatives in most countries 
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PLESSEY 
NUCLEONICS 
LIMITED 
im conjunction with 


the U.K.A.E.A. 


were responsible for 
the design, manufacture and 


installation of the 

BURST FUEL 
ELEMENT DETECTOR 
EQUIPMENT 

at 


Chapel Cross 





| Plessey | 


PLESSEY NUCLEONICS LIMITED 
WEEDON ROAD, NORTHAMPTON 
TELEPHONE: NORTHAMPTON 4966 





Overseas Sales Organisation: 
PLESSEY INTERNATIONAL LIMITED 
ILFORD, ESSEX, ENGLAND. TELEPHONE: ILFORD 3040 
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Atomic Power Stations 


Permutit have now obtained contracts for supplying 
plant to six Atomic Power Stations. This follows the 
successful installation of “ Deminrolit” plant for pro- 
viding feed water for heat exchangers at the Atomic 
Power Station at Calder Hall. ‘“ Deminrolit” is but 
one of a range of plants designed and manufactured by 
Permutit to treat water and non-aqueous liquors in 
factories and research establishments associated with 


nuclear power development. 


o a & WO RN 


CALDER HALL A 


CALDER HALL B 


CHAPELCROSS 


BRADWELL 


HINKLEY POINT 


HUNTERSTON 


THE PERMUTIT COMPANY Si the F. 
Dept. C.L. 347, Permutit House, Gunnersbury Avenue, London, W.4. Telephone: CHIswick 6431 
SUBSIDIARY COMPANIES 


THE PERMUTIT COMPANY OF AUSTRALIA PTY. LIMITED 
c 567-573 Pacific Highway, Sydney, N.S.W. 


THE PERMUTIT COMPANY OF SOUTH AFRICA (PTY) LTD. 
P.O. Box 6937, Johannesburg. 


ION EXCHANGE (CANADA) LTD. 33 Price Street, Toronto 5, Ontario. 
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LINGOLN ELECTRIC CO LTD 


WELWYN GARDEN CITY HERTS - Welwyn Garden 920 4 4581 5 
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COLVILLES LTD 195 WEST GEORGE STREET GLASGOW C2 
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NUC 


first ...4082.cALDER HALL 


then.....cHAPELCROSS 


Britain’s second nuclear power station 
began working 


Carbon dioxide gas cooling is used at both Calder Hall 
and Chapelcross and will be used at other nuclear 

power stations now planned or under construction. 

The bulk storage and vaporisation equipment for the 
coolant was supplied by The Distillers Company Limited. 
The contract to supply CO, for the new 

stations at Bradwell and Hinkley Point has also been 
obtained by D.C.L. 


now eee e @ © @ * * Write for further information of the 


D.C.L. system of carbon dioxide bulk storage and supply 
by bulk road tanker. 





.RB N DIOXIDE | - 







BULK STORAGE EQUIPMENT 





hldddddd ldddddddddddddddddda 
THE DISTILLERS COMPANY LIMITED 
CHEMICAL DIVISION, CARBON DIOXIDE DEPARTMENT 
Devonshire House, Mayfair Place, Piccadilly, London W.1 
Telephone: MAYfoir 8867 Telegrams: Cardiox London Telex TA 2005 
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Labgear 


are proud to have supplied 





PROTECTION and WARNING INSTRUMENTATION 
at CHAPELGROSS 





Photo: Courtesy of U.K. Atomic Energy Authority 


are also installed 
at 

WINDSCALE 
DOUNREAY 
CAPENHURST 
WANTAGE 
HARWELL 


Gamma Monitors D4125 
shown here are examples of 
the range of High Level 
Radiation Measuring Equipment 
available from Labgear | 


EQUIPMENT AND OTHER NUCLEONIC APPARATUS FOR INDUSTRY 
- MEDICINE AND RESEARCH ARE AVAILABLE FROM THE COMPANY OR THE FOLLOWING AGENTS: 


FULL DETAILS OF THIS 


Australia—Watson Victor, Sydney 
Austria—Egon Sauer-Nordendorf, 
Salzburg 
Belgium—Molimex & Vanandel, 
Brussels 
Canada—Conway Electronic 
Enterprises, Toronto 
Congo—Gerard Pleuger, Elisabethville 
Denmark—Hans Buch, Copenhagen 





Egypt—Pharma Scienta, Cairo 
Finland—Siintola & Co., Helsinki 
France—Antares, Paris 
Germany—Brindi Ltd., Munchen 
Greece—Athanase Ch. Dervos, 

Athens 
Holland—Firma Charlies Goffin, 

De Bilt 


Israel—M. Kochn, Jerusalem 


India—Scientific Instrument Co., Pakistan—Obic, Karachi 
ne Allahabad Spain—Tecnicas Nucleares, Madrid 
Italy—Dr. Luigi Bolla, Rome South Africa—D, Drury & Co. Ltd, | 
Japan—Shriro Trading SA, Osaka Johannesburg | 
New Zealand—Watson Victor, Switzerland—Bachofen, Zurich 
Wellington Sweden—Aga Bausch & Lomb, 
Norway—Fridthjof E. Berntsen, Stockholm | 
Oslo Turkey—Altay Kollektif Ortakligi. 
Portugal—Ortec, Lisbon Ankara 


Labgear Ltd “85!5o"' 6s, 01V'5108 


Telephone: Cambridge 2494 + Telegrams: “Labgear Cambridge” 
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OBTAIN _“4utomazsic MULTI-POINT 


Att WITH 
Paley cece i 








OUTPUT 


MULTI-POINT MULTI-COLOUR 
RECORD ON LONG 
LIFE CHART 


SPECIAL FEATURES 


High accuracy and speed of response. @ 

Provision for 4 independent records—each colour coded differently. . 
4 chopper-bar operations every 30 seconds. e 

Long-life chart and ink ribbon. @ 

Fully sealed oil-immersed servo motor and slide wire. @ 

Calibration unaffected by valve replacement. ® 

: & 

Alarm Contacts available. @ 

e 
& 
* 





For Instruments using Thermo-couple Inputs 
Transistorized d.c./a.c. converter—no moving parts. 


Neon stabilized reference voltage—eliminates the need for dry batteries. 
Automatic cold junction temperature compensation. 


Send for fully illustrated Product Specification E(E12-12) 
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Some of the many hundreds of welded aluminium fabrications built by Fairey for 
the United Kingdom Atomic Energy Authority. Each of the three examples at 
the top weighs 44 tons; the other weighs 18 cwt and has a diameter of 8 ft. 5 in. 






FAIREY 












PRESSURE 


Fairey Engineering Ltd. offer a Fabrications facility equal 
to any in the world. 


tions. 1 
VESSELS AN D Pressure Vessels including refinery and chemical —e 
vessels, heat-exchangers, and large-diameter pipe, as 

well as many special types. 


ST R U eT U i= ES | N Structures such as bridge sections, roof trusses, crane 


jibs and oil derricks. 


The Fairey Group of Companies provide a full Metallurgical 


ST ia E L A N D Service, both in plant and at site, including X-Ray, vacuum ab 


and ultra-sonic testing; standards met include A.I.D., A.R.B. 
and U.K.A.E.A. and Lloyds Class I. 


A L U M | N i U M For vessels or structures ...in steel or aluminium... talk to Fairey first 


FAIREY 
ENGINEERING 








STOCKPORT CHESHIRE 
A Subsidiary of The Fairey Company Limited 
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Manipulator 


ised at atomic establish- 
ite under exacting condi 
structed of stainless steel 
i aluminium and the plate 


It resists corrosion and, 


ness of the finish, it also 


ation of the component 
ve material; and the com 
steel and Ka n plated 
the electro potential differ- 
omponent parts. These 


f 


inufactured by Savage & 
ied to users all over 
used on the aluminium 


i assembly and the Ma ‘er 








TE heed 


A HARD 
& CORROSION 
RESISTANT 
PLATE 


;EN is a nickel-phosphorus plate deposited 
chemical reduction: thickness can be con- 
trolled to fine limits and is of complete and 


unliorm coverage 


PROPERTIES 
Composition 92°, Nickel 

8°. Phosphorus 
Melting point 890°C 

60 microohm cm 


Hardness 900—1,000 V.P.N 

according to heat 

treatment 
Coverage Extremely uniform 
Kanigen can be applied to all ferrous metals, 
aluminium, copper and brass. The plating plant 
at Oldbury has now been extended, two extra 
plating tanks are in operation and enquiries for 
jobbing plating are welcomed. Full information 
is available on request. 


Albright & Wilson 


(MFG) LTD 
Kanigen Department 
I KNIGHTSBRIDGE GREEN - LONDON SWI 


Kanigen is aregd. trademarkofAlbright &WilsonLtd 


tBw 621 KANIGEN 
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NUCLEAR 


Power 
Stations 
choose 





TUDOR 


We are specialists in battery work for nuclear power stations. 


Tudor batteries and associated equipment have been chosen for 


HUNTERSTON 
BRADWELL 
CALDER HALL ‘A’ 
CALDER HALL ‘B’ 
CHAPEL CROSS 
DOUNREAY 








(sub-contract from the General Electric Co. Ltd.) 


(sub-contracts from The Nuclear Power Plant Co. Ltd. 
and A. Reyrolle & Co. Ltd.) 


(supplied under sub-contracts from: 

A. Reyrolle & Co. Ltd. 

The English Electric Co. Ltd. 

Brush Electrical Engineering Co. Ltd.) 


BATTERIES 


THE D.P. BATTERY CO. LTD. 
MANUFACTURERS OF KATHANODE AND TUDOR BATTERIES 


BAKEWELL, DERBYSHIRE . Telephone: BAKEWELL 581-5 
LONDON OFFICE: 66 VICTORIA STREET, S.W.|I ° TELEPHONE: VICTORIA 9661-2 






Ti7I 
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Do you require 
HIGH PURITY 
Argon? 


For the removal of 

moisture, oxygen and nitrogen. 
For cleaning up the 
atmosphere in glove boxes. 
For welding or for any other 
application where the need 
arises to remove one or more 


of the above impurities. 





THE MARK IV SELF-CIRCULATING GAS PURIFIER 


Supplied in single or in tandem units for long process work. Fully instrumented. Fully automatic 


——— 


WESTERN DETAIL \ (257 x NANUFACTURERS LTD 


WESTERN WORKS, S) STAPLE HILL, BRISTOL. 


ERNDr, 
Geek ~ ay, —z2 


AMUN T URES 


Telephone 65-6141/2/3 Telegrams: Aries, Bristol Cables: Aries, Bristol, England 
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Sxpansion, contraction and lateral movement of 
pipe work under extreme conditions of temperature 
and pressure is no problem to the engineer who 
has been wise enough to contact and consult 
TEDDINGTON technicians. 


Teddington Bellows Expansion Joint cylinders are 
butt-welded from highly finished cold rolled stainless 
steel sheet. Convolutions are introduced to give the 
bellows their characteristic flexibility. Nuclear, 
chemical, marine and gas engineers acknowledge 
their efficiency and superiority over many older 
forms of expansion joint. Wherever pipework is 
subjected to vibration or movement in any direction, 
a Teddington Bellows with a suitable end-fitting 
will solve the problem. 

SEND FOR BROCHURE No. R 67 


Teddington Bellows are produced in technical collabora- 
tion with the Solar Aircraft Co., U.S.A. 


TEDDINGTON BELLOWS 


EXPANSION JOINTS 


TEDDINGTON [AIRCRAFT CONTROLS LIMITED, (Industrial Bellows Division) 
Ammanford, Carmarthenshire. Tel: Ammanford 2255 
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One of two banks of Vokes ‘Absolute’ filters in the G.E.C. beryllium 
laboratory, showing operator in a pressure suit changing a filter. 


Vokes Filters specified for work on Beryllium 


New Beryllium Laboratory Vokes ‘Absolute’ Filters 

At the G.E.C. Atomic Energy Division at Erith a new’ The laboratory areas are fully air-conditioned by means of a central 
laboratory has been specially designed for work on beryllium. inlet air duct and there is a range of extract ducting running along the 
Vokes were called in to assist in the planning of a ven- laboratory walls. 

tilating system designed to maintain a very high standard The extraction system consists basically of a fan drawing air at the 
of safety and to conform with the recommendations of rate of 8,000 cub. ft. per min. from the laboratory through 12 Vokes 
the U.K.A.F.A. ‘Absolute’ filters arranged in two banks of six, coupled in parallel to 
the extract fan. Each of these filters is individually mounted in a cell 
on the manifold to minimise hazards during filter changing. 

The Vokes ‘Absolute’ filter has a guaranteed efficiency of 99.95°%, in the 
0.1 to 0.5 micron range. For particles greater than | micron the efficiency 
is virtually 100°. The plant has been arranged so that the filters can 
be changed with the ventilation plant running. 


Working Boxes fitted with Vokes Filters 

Operations involving the formation of beryllium dust, such as machining, 
abrasion and welding, are confined to a laboratory where the highest 
ventilation rate is available and is carried on in ventilated working boxes, 
which also incorporate Vokes filters. 

Where filtration to a particularly high standard is required, as in 
this case at Erith, Vokes filtration experts are available from planning 
stage to final installation. If you have a filtration problem, please 
contact us. 


A Vokes filter can be seen on the left of the 
lathe enclosed in the PERSPEX working box. 





VOKES LIMITED - GUILDFORD - SURREY 
Phone: Guildford 62861 (6 lines) Grams & Cables: Vokesacess, Guildford, Telex 
Telex: 13-535 Vokesacess, Gfd. 


Vokes Australia Pty. Ltd., Sydney Represented throughout the World 

}OKES- Air and Gas Filters for Chemical, Nuclear Energy, Oil Refinery, and Pharmaceutica! applications etc; Air conditioning filters; Compressed air pipe line filters; 
Air. O nd Fuel filters for Diesel, Gas Turbine, and other ic engines; Hydraulic filters; Silencers for Engines, Fans and Blowers; High efficiency Multi Cyclones. 
V.315 
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a place in the Hall of Fame 


What is special about Harland Ulectriglide submersible pumpsets. 





Pump and motor built under the same roof by men with 


over 50 vears’ experience on the manufacture of borehole 





I 
; , F ae 
pumps and associated electric motors. ( a 
\) 
‘ 
Harland commenced the development of eee . 
eee : 
. = Bein: \ . 
submersible pumpsets 25 years ago and have ( ee i 
3 : : ; ‘ ) 
gained wide experience in the balanced design \ , \/ 
of the two components. \ ; 
{ft 
The Harland submersible motor ) 


is of the all wet type and is 
therefore easy to maintain and 
overhaul as it does not rely on 


special seals between rotating 


and stationary parts. Q 


A special study has been given 
to the design of journal and 
thrust bearings which form 
the most important part of any 


machine operating under water. 


Harland offer standard 
Ulectriglide submersible pumpsets 
from 20 to 130 h.p. against short despatches. 


An after sales service scheme is designed to give you 
complete satisfaction. i 


EA Fe TF. A_ Ri TS 


ulectriglide submersible pumpsets 





THE HARLAND ENGINEERING CO. LTD. 
ALLOA SCOTLAND 


London Office: HARLAND HOUSE 20 PARK STREET LONDON W.1!. Phone; GROsvenor !22! 
Branches: BRISTOL GLASGOW LEEDS TIMPERLEY (CHESHIRE) NEWCASTLE-UPON-TYNE NOTTINGHAM 
WOLVERHAMPTON AND OVERSEAS. 


WNIWLLUUIOIOLVOLNUVNVIOEVTVUUULLUVUNUOUUUUULUUULUULUOUTUUUEEUUU TUE 


AtOt/tL PLUG 


ll 
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MODERN 
MATERIALS 
NEED 
ViODERN 
METHODS 


Old-fashioned fixing methods are always wasteful, and 









often enough entirely inadequate for modern materials. 
Whatever the material—brick or glass, solid or cavity 
—you’ll make absolutely firm screw or bolt fixings many 


times faster with Rawlplug Fixing Devices and Tools. 


SCREW FIXINGS 








I RAWLPLUGS for neat firm fixings in 
EP] brick, stone, etc. Rotproofed and 
hee! waterproofed for use in all climatic 
? ———) conditions. All screw sizes up to 2?” 
j diameter coach screws. 


i Rawlplug WHITE BRONZE PLUGS 
i= for fixings subject to very high tem- 























peratures, such as the outer brick 
coverings of furnaces. Also for under- 
water fixtures, 


BOLT FIXINGS 





Rien koe RAWLBOLTS for bolting down 

#e.s.8S8"] machines—a rock-firm dry fixing that 

~- fg grips by expansion. No cold chisel- 

lean ling, no waiting for cement to harden. 

2 Sec] Sizes up to 1” bolt diameter. 

PENG Sot Rawlplug BOLT ANCHORS for bolting 
aa down in extremely wet or corrosive 























situations. Caulking completely 
seals the anchorage. Also for anchor- 
ing Diesel Generators, Power 
Hammers, etc. 


CAVITY FIXINGS 





Screwed up from the front, the 
amazing RAWLNUT forms its own rivet 
head behind the material—airtight, 
watertight, vibration-proof, squeak- 
proof. Forall thin or hollow materials. 

Rawlplug SPRING TOGGLES for 
ceilings of lath and plaster, plaster- 

















board, etc. The Toggle springs open 
behind the material, spreading the 
load over a wide area. 








RaAwLpLuG DURIUM 


THE FAST DRILLING, SILENT 
MASONRY DRILL—- 
AND THE MOST DURABLE 


With its ultra-tough, almost diamond-hard Durium tip, and 
its patented rapid-helix flute to force out spoil and prevent 
clogging, Durium drills brick, tile, cement, slate, marble, etc. 
with a speed of penetration that is truly amazing. 

It is this same toughness of the Durium tip, and the stronger 
backing given it by the specially designed flute, that gives a 
Durium Drill its astonishing ability to stand up to the abrasive 
action of masonry which so quickly ruins ordinary drills. 
Only a Durium Drill has such sharp, silent, easy cutting 
accuracy, such amazing drilling speed, such sheer durability! 


FULL RANGE—DRILLING LENGTHS UP TO 16” TOO! 
Durium Drills are made for all sizes of 
Rawlplugs from No. 6 to No. 30 (i.e. drill 
cutting diameters from 5/32” up to 1”) and 
also for Rawlbolts sizes C, D,. E&G. 
Durium Drills are also made in the Long 
Series to facilitate the work of laying 
conduits, cables, pipes, etc. Five cutting 
diameters (}” up to 3”) are available in 

6” drilling lengths; six cutting 

diameters (” up to 1”) are available with 
threaded ends to take extension rods which 
provide for overall drilling lengths of approximately 12’ and 16°, 


DURIUM GLASS DRILLS 


These high-efficiency drills can be used in a wheelbrace or 
suitable electric drill. 9 cutting diameters, from 4” up to 4”. 


BY HAND 9R POWER 


Durium Drills can be used very successfully in an ordinary 
wheelbrace, but where drilling is carried on fairly regularly, 
or on a large scale, a Rawlplug R.P.1. Slow Speed Electric Drill 
is a time-saver that will pay for itself over and over again. 
With full load speed of 450 r.p.m. this easy-to-handle power 
tool will give quite sensational results with Durium Drills, 


FREE RE-SHARPENING SERVICE 


When, at long last, your Durium Drill begins to lose its 
keenness, return it to us with the complimentary voucher 
supplied with it, and we’ll re-sharpen FREE! 

Durium Drills are sold in the bright orange and blue metal 
container clearly marked Rawlplug Durium. Look for the name 
DuRIum on the drill shank—no other is a genuine DurRIvum Drill. 
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RAWLPLUG FIXING DEVICES AND TOOLS 


21 different types of fixing devices for speed and strength 


Write now for illustrated literature containing full details of Rawlplug Fixing Devices 
and the many high performance Rawlplug tools (hand, electric and pneumatic), 


THE RAWLPLUG CO. LTD., CROMWELL ROAD, LONDON, S.W.7 


The world’s largest manufacturers of fixing devices 
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Every inch is seen to be perfect 





The heat exchangers for the Bradwell station are so large they had to be towed 


to the site by sea. 


There are 12 of these exchangers, designed and manufactured by Head Wrightson 
& Co. Ltd. Each weighs 200 tons and includes low-pressure and high-pressure systems. 
The shells of the exchangers consist of four circumferential plates in 12 tiers. 
The plates are first tack-welded into place and the internal and external longitudinal 
welds are then made with automatic submerged-arc sets to Lloyds Class 1 specifications. 


Every inch of every weld is then X-rayed. 


The dished ends, consisting of eight segments pressed to shape, are hand-welded, 
double-U preparations being used. The reinforcing ring outlets and flanges are then 


welded into position and X-rayed. 

The importance of the radiographic inspection on a project 
of this magnitude cannot be over-emphasised. Not only must every 
inch of every weld be perfect—it must be seen to be perfect. That is 
why Kodak ‘Industrex’ X-ray Films were used exclusively for the heat 
exchangers of Bradwell Nuclear Power Station. 


INDUSTRIAL 


Kodak X-RAY FILMS 





first choice of inspection engineers everywhere 





‘Kodak’ is a registered trade-mark 
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Would you like a 
free copy of the 
new Kodak Den- 
sity Conversion 
Guide? Jt could 
save you hours, 
perhaps days, on 
jobs requiring long 
exposure times. 
Just write to the 
Industrial Sales 
Division, Kodak 
House, Kingsway, 
London, W.C.2. 
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RENOLD 
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CHAINS AND ATOMIC POWER 


Right from the cutting of the foundations, machines 
equipped with Renold chain are speeding the erection of 
Britain’s atomic power stations — trench-diggers, 
excavators, dumpers, bulldozers, motor graders, all relying 
on the dependability ... the robustness. . . the efficiency 


of Renold chains. 


If you have a problem involving drives, conveyors or 
operating devices, Renold chains can provide the answer— 


our engineers are always available for consultation. 


RENOLD CHAINS 


er 
RENOLD 
ool 









RENOLD CHAINS LIMITED - MANCHESTER 


Tick No 25 on reply card for further details 





25 
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EPIKOTE RESIN BASED PAINTS mm 





Above :—Ammonium Sulphate plant at Manvers Main Coking Plant, treated with Evokote Type 10 
Below :— Maplewood floor treated with Evokote Type 20 at the works of John Mackintosh & Sons Ltd., Halifax 


Four air drying grades supplied to combat 
all types of aggressive and corrosive conditions. 


A PRODUCT OF Evo; S] OF STAFFORD 
Manufacturers of BITUGEL, EVODYNE and EVO-LED paints 


* SEND FOR LITERATURE EVODE LTD., (PAINTS DIVISION) STAFFORD. Telephone : 
London Office : 82 VICTORIA STREET, S.W.!. Telephone: ABBey 4622-3 


2241-5 


i M-W.IISR 
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ITIONS 


CE «SPRINGFIELD ROAD, HAYES, MIDDLESEX 


NUCLEAR POWER June 1959 


TELEPHONE : 
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f 
Stainless 
steel 
Forgings 














serving Atomic Energy, Aircraft and Oil industries 


Manufactured to any British or U.S.A. Standard Specification 


Supplied as Forgings only or Fully Machined in Modern 
Machine Shops on approved lists of A.I.D., A.R.B. and LLOYDS. 


William Oxley 
& Co. Ltd. 


PARKGATE STEEL WORKS - ROTHERHAM 
telephone Rotherham : 5238 
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mics International technician with countercurrent distribution apparatus used to study moderator-coolant for Organic Power Reactor 


Begin with the knowledge of experienced scientists... 
conduct a seven-year research and development program 

.collect a wealth of solid operating experience. Result: 
GUARANTEED PERFORMANCE of a nuclear power reactor, 
designed by Atomics International to help meet the world’s 
power needs. 

This is the Oncanic Power REACTOR—outgrowth of 
research and development on the organic system and opera- 
tion of the Organic Moderated React tor E sa ry (OMRE) 
conducted by Atomics International for the U.S 
Energy Commission. 


. Atomic 


Outstanding advantages of the ORGANIC POWER 
REACTOR: Low capital investment * Low cost opera- 


tion * High inherent safety and flexibility + Reliability 
resulting from 

+ Non-corrosive moderator coolant * Low pressure system 

* Conventional, off-the-shelf components and materials 


* Easy access during operation 


Atomics International is ready to furnish complete 
Orcanic REACTOR electric power plants, including fuel 
elements, in a wide range of power levels. An experienced 
field staff will assist with initial plant operation, personnel 
training and maintenance procedures. 

For details contact: Atomics INTERNATIONAL, Canoga 
Park, California, U.S.A. Cable address: ATOMICs. 


_@® ATOMICS INTERNATIONAL 


Other offices in: 
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A DIVISION OF NORTH AMERICAN AVIATION, INC. 
PIONEERS IN THE CREATIVE USE OF THE ATOM 


: Washington, D.C., U.S.A.; Geneva, Switzerland, Affiliated with: INTERATOM, Bensberg/Cologne, Federal Republic of Germany 
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of the highest purity 


Recent development work at Neston has resulted in labora- 
RECRYSTALLISED ALUMINA 99:7", tory ware in these highly refractory materials becoming 


STABILISED ZIRCONIA 97°, available to a greater degree of purity and in a wider range 
of shapes and sizes than has hitherto been possible. 


PURE MAGNESIA 98°5°, ; a 
These Pure Oxide refractories open up new possibilities in 
IMPERVIOUS THORIA 99°9", high temperature work, whether it is to be done in a 


THORIA 99°9°%, laboratory or on an industrial scale. 


MORGAN 


efractories Ltd 


MORGAN REFRACTORIES LIMITED, NESTON, WIRRAL, CHESHIRE. TEL: NESTON 1406 * Registered trade-name applied for. 


N.E 1474 


30 Tick No 30 on reply card for further details NUCLEAR POWER June 1959 








ng 
ge 


















~~ 
| | 
- oe 
_—"~ 
- ~~ 
~ — 


We have the biggest flux-dip brazing bath in Europe. It enables 
us to make the biggest secondary surface light alloy heat- 
exchangers this side of the Atlantic. But in heat-exchangers sheer 
size means little without comparable efficiency and reliability. 
They’re the product of experience, and that is something we can 
also boast about. Marston brought flux-dip brazing to Britain in 
1945. That means we’ve had longer experience of the process than 
any firm in Britain. It means we’ve had 14 years to perfect the tech- 
nique of making the thousands of faultless joints in a secondary 
surface light alloy heat-exchanger. It also means we have unrivalled 
knowledge of design. Need we say more ? 


LIGHT ALLOY HEAT-EXCHANGERS FOR 
Industrial - Aircraft - Electronic - Automotive Applications 


MARSTON EXCELSIOR LIMITED 


A subsidiary company of Imperial Chemical Industries Limited 


FORDHOUSES - WOLVERHAMPTON - ENGLAND 





MAR.261 
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The silhouettes of the atomic power stations, strange and new a year or 
two ago, are today familiar to technical men. 

Keeping pace with new developments for over 75 years, ‘Tornado’ fan 
engineering equipment now finds itself quite at home in these strange 
landscapes, assisting in the exacting work of the UKAEA establishments. 
Among the equipment we have supplied for Dounreay is fan equipment for 
the vessel ventilation system, the Highly Active Liquor Store and the 
Billet Production Plant. 

In addition, equipment has been installed at Aldermaston, Capenhurst, 
Foulness, Harwell, Risley, Springfields and Windscale and other Keith 
Blackman fans and blowers are being used experimentally elsewhere. 
If the problem involves the handling of air or other gases, contact 


Keith Blackman Ltd 


MILL MEAD ROAD LONDON N17 
BIRMINGHAM - BRISTOL - GLASGOW .- LEEDS - LEICESTER - MANCHESTER - NEWCASTLE 
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‘Tornado’ equipment includes: 
CO, Coolant Blowers and Heat 
Exchanger Cooling Fans. Fans 

for Ventilation, Dust Removal 


and High Temperature 
Extraction. Blowers for Gas 
Boosting, Dry Scrubbers and 
Vessel Ventilation. Also Air 
Sampling Compressors, Air 
Flow Control Units, Back 
Pressure Valves, Steel 
Fabrications and the Keith 
Blackman-Broman Ekstrom 
Shot Cleaning of Heat 
Exchangers. 


TA2315/988 
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SE 1549 nisation 





is actively concerned in the supply of equipment and material 
with special application to the Nuclear Power Industry 









































Primary and Secondary surface 


heat exchangers, Condensers, 


Air and Gas coolers, 


foteTalo(-let-t-) amie) oy 5-4 





NUCLEAR POWER June 1959 Tick No 33 on reply card for further details 33 














Bristol Siddeley 
provide a comprehensive | 
range of high precision | 
recirculating ball and lead 


screws and splines for 


A \\\\\\\ i 


universal applications. 


ToLEE LLL 











HIGH EFFICIENCY 
BACK-LASH ELIMINATION 
LONG LIFE 


LOW MAINTENANCE FACTOR 


Up to 80% reduction in power can be achieved for 
actuation compared with conventional methods. 
Ability to run at high temperatures with and 
without lubrication. 

Over 2,700 applications already established in all 
fields of engineering. 

Complete technical and manufacturing co-operation 
with Beaver Precision Products Inc., Detroit. 


BRISTOL SIDDELEY ENGINES LIMITED 
COVENTRY - ENGLAND 
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CON-TEN 


(Regd. Trade Mark} 


constant tension 
supports 


FOR LOADS UP TO 8 TONS 
PIPE MOVEMENTS UP TO 18’ 
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High-pressure steam piping is subject to 


SRRRRLEas 


t 


wide variations in temperature, which pro- 


may 
* 


+‘ 


a ED 


a 


duce considerable expansion and contraction. 
Unless the pipe supports can absorb and 
compensate for this movement, severe 
stresses are set up which may result in 
fracture. The “‘Con-Ten” Pipe Support is 
designed to cradle any type of piping with 
constant tension under all conditions, 
throughout the range of movement. “ Con- 
Ten” is installed, with eminently satisfactory 
results, in power stations, oil refineries, 
chemical and industrial plants throughout 
the world. 


British Patent No. 474008, 720074, 720075, 697987, 
U.S.A. Patent No. 2129320 


657318 








Ferrybridge ‘B’ Power Station, Central Electricity Gener- 
ating Board, Yorkshire Division. H.P. Steam pipes supplied 
and installed by Stewarts Llo 





Lewirred Red Top Pipe Conventional type “Con- Duplex “* Con-Ten” Supports 
oy for loads from 100 to Ten” Supports for loads of up forloads of up to 8 tons witha 
0 Ibs. and total travel of 3”, to 2 tons with a total vertical total vertical movement up to 12”. 
movement up to 12”. This type is acknowledged as one 


which produces minimum friction 
and kinematic variation. It has 
been specially designed for any 
applications where exceptional 
accuracy is demanded, 

From graph it can be seen 
that the maximum friction is 
— to 2.17% of the applied 


DUPLEX ‘GON-TEN’ SUPPORT 


BRITISH INDUSTRIAL 


ENGINEERING COMPANY (STAFFS) LIMITED 


CORONATION WORKS, HAINGE ROAD, TIVIDALE, TIPTON, STAFFS. TEL.: TIPTON 1222/3/4 
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Main CO, Duct Isolating Valve for Nuclear Reactor Power Plants for 
working pressures of 10 kg/cm? and 400" C. 


ERHAR D 


ABSPERRKLAPPEN (Pat. throughout the world) 


The design of the ERHARD-Absperrklappen ts not limited to the afore- 
mentioned temperatures and pressures, and we are ina position to manu- 
facture valves in order to meet the severest temperature and pressure 
conditions arising in nuclear reactor power plants. 


External means are used in order to urge the disc sealing ring on to or 
away from the valve seat for closing or opening the valve. Operation 
can be effected according to requirements by hand, electric, pneumatic 
and hydraulic means. 


Telephone Holborn 2966 


JOHANNES ERHARD H. WALDENMAIER ERBEN 


Siddeutsche Armaturenfabrik Heidenheim anderBrenz Western-Germany 








For all information write to: 


The Sole Agents for the United Kingdom 


A. K. STARCK’S CO. LTD. 


22, Chancery Lane London W.C.2 


Cable: Akstar London 
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Clean pair of jit 


CAPOSITE. 


amosite asbestos preformed insulation 





CAPOSITE means a clean and tidy site! No messy bits 
to stick to boots—Caposite is clean to cut and sweep away. 


It comes in light, easily handled, non-returnable cartons 





~\ which make handy off-cut bins. 


“no mess-no waste 


Write for full tech 





ul details to 


THE CAPE ASBESTOS COMPANY LIMITED 


114 & 116 PARK STREET LONDON WI GROSVENOR 6022 


GLASGOW: Hobden Street, Petershill Road, Glasgow, N1. Springburn 6144 

MANCHESTER: Floor D. National Buildings, St. Mary’s Parsonage, Manchester 3. Deansgate 6016-7-8 
BIRMINGHAM: 11 Waterloo Street, Birmingham 2. Midland 6565-6-7 

NEWCASTLE: 19 & 20 Exchange Buildings, Newcastle. Newcastle 20488 





TA.2071 
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New 36-Page 
Imiok Manual 

" now available, includes 
illustrations and 
specifications of all 
Imlok parts, colour 
photographs of many 
cabinet and console 
designs built in 

Imlok, as well as new 
Imlok uses. 

Send now for free copy 


IMHOFS AGENTS OVERSEAS 


AUSTRALIA Aladdin Industries (Pty) Led, Stanmore NSW 


BELGIUM Rogelec, Ghent 


CANADA Measurement Engineering Ltd, Arnprior 


DENMARK Tage Schouboe, Copenhagen N 


TO SAVE 
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62 big Imlok developments 


YOU MONEY ON CASE CONSTRUCTION ! 






IMLOK—the unique cabinet construction 


56 new parts 


The addition of new connectors and 
extrusions means you can now have 
external or internal angles from 22} 
to 50°. The new range also includes 
strengthening extrusions for extra 
heavy-duty structures, fashion trims, 
door pulls, castors, and many more. 
Full list on request 





ture. 


system—now offers designers and engineers 
even more possibilities than before. Fifty-six 
new parts have been added to the already wide 
range of precision-made corner connectors, 
extrusions and accessories, and you can now 
buy Imlok in six different stages of manufac- 
It means more versatility . . . more scope 
in case and cabinet design. The Imlok system is 
ideal for both prototype and production work 





6 ways to buy 


1. As individual connectors and with 
extrusions in 12ft. lengths. 2. With 
connectors pre-drilledready forassembly 
with self-tapping screws. 3. With pre- 
drilled connectors and with extrusions 
custom-cut by Imhofs to your lengths 
and mitred. 4. As a complete frame- 
work, ready for fitting with your own 
panels. 5. As a complete structure 
with panels, but unpainted. 6. Asa 
complete structure, fully finished 


Alfred Imhof Ltd., Dept. \6 Ashley Works, Cowley Mill Road, Uxbridge, Middx. 


Uxbridge 6231 


Export & London Showrooms: 112-116 New Oxford St, WC1:; Museum 7878 


FINLAND Oy Scienta Ab, Helsinki 
HOLLAND Jj.Th. van Reijsen, Delft 

ITALY Prodel SPA, Milan 

NEW ZEALAND Imarex Ltd, Auckland C3 
NORWAY Birger Christensen, Oslo 


SWEDEN Elektronlund AB, Malmo C 
SWITZERLAND Walter Blum, Zurich 2/39 

U.S.A. Bud Radio Inc, Cleveland 3, Ohio 

BRIT. GUIANA British Caribbean Agencies Ltd, 


Georgetown, Demerara 
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YOU NEED THIS NEW CATALOGUE! 





If your interest lies in fact, in any aspect of Nuclear 
Physics, Radiation Monitoring, Radio-active Ore Surveying 
and Industrial Control and Measurement, then this new 


comprehensive catalogue should have a place in your library. 





Here at Ericsson, research and development are proceeding 
continuously to widen the range of counting, measuring 


and control instruments, and we invite you to examine our 


progress. 








NUCGLEONIG 
COUNTING 


Nucleonic Counting Equipment Type 127A. 

Designed specifically for use in the nucleonic field where 
accurate, high speed counting is essential. This range of 
equipment comprises Scaling Unit, Amplifier-Discrimina- 
tor, E.H.T. Unit, Head Amplifier, Quench Unit, Ratemeters 
and Timing Unit. 


Scaling Unit Type 1221C. 
A reliable general pur- 
pose Scaling Unit with a 
resolving time of 500, 
secs. and a maximum 
count of 105, 


G.M. Counter Type 1214. 
An inexpensive and re- 
liable low-speed counting 
equipment for use in 
schools and technical 
colleges. 


Timing Unit Type 146A. 

An advanced design in 
Timing Units, this instru- 
ment employs high speed 
relay start/stop control. 


E.H.T. Power Unit 

Type 105A. 

Designed for nucleonic 
work—this gives contin- 
uously variable stabilized 
voltages from 300- 3,300 
volts d.c. 


se Le 
| 
ERICSSON | 
_. INSTRUMENT DIVISION | 
5 HIGH CHURCH STREET, NEW BASFORD, NOTTINGHAM. | EWCLANO 
é 
2 Please send copy of your catalogue ELECTRONIC & NUCLEONIC INSTRUMENTS | 
gE 3 | 
Q | NAME —_ | 
- 
< | | 
5 ADDRESS | 
° 
“ | INSTRUMENT DIVISION 
0 | 
nie | HIGH CHURCH STREET, NEW BASFORD, NOTTINGHAM 
POSITION | 
ti ae The Authority on Electronic & Nucleonic Counting 


ERICSSON TELEPHONES LTD., HEAD OFFICE: 22 LINCOLN’S INN FIELDS, LONDON, W.C.2 Tel: HOLborn 6936 


E106-84A 
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INSTRUMENTATION 


keeps in step with nucleonic needs 









we MONITORS —— 


RADIATION INN 
MONITOR y 
Type 255 \ 
%* Transistorised, battery op- 
erated, portable. 


% Laboratory accuracy under | 
field conditions. | 


% Wide range of probes and 
accessories available. 











Airmec are proud to be the first to 
announce a fully transistorised monitor 
which combines laboratory accuracy 
with complete portability. The uses 
include : 





RADIATION MONITOR Type (02) 8 


% SAFEGUARDS against contamination. 













; é | &. Checking tiie presence and amount of radio-active con- 4 / 
% TRACES radio-active material in chemical | tamination in laboratories and workshops. 4/4 
analytic processes. | 2. Checking atmosphere ‘fall-out’ and contamination of /, 
% MEASURES contamination of any result- | food, animals, crops, milk and wor supplies, etc. MY; 
: 3. Following the progress of radio-active tracer #3 
ing effluent. . : ; Vi 
: j : 7 : elements in medical, geological, agricultural t/ 
Designed in conjunction with A.E.R.E. Harwell, this and industrial processes. 
instrument is probably the most widely used general 4. Tracing the whereabouts of radio-active 
purpose monitor in the world. It has been PROVED areas and making accurate assays of 
by years of user experience to be the most accurate samples in geological surveys. r, EX 
and reliable equipment of its type. 5. Tracing lost samples of radio-active tw»*y, 
The Radiation Monitor consists of a mains operated materials both in buildings and out. ff Te ——— 
Indicator Unit together with a Beta Gamma or Alpha { ( a 
Probe Unit. Indication is provided visually by means Write for descriptive - se, (( 44 
of a meter which is calibrated in counts per second, leaflet No. 177 —— WSs 
and audibly by means of a loudspeaker. A socket on == 


the front panel is also provided to enable the output 
to be fed to a scaling unit. 
Write for descriptive leaflet No. 26D 
giving full details. 








GENERAL PURPOSE COUNTER Type 1339 A 


% Designed and developed in conjunction with U.K.A.E.R.E. 
* Provides comprehensive scaling facilities for all types of Geiger Scintillation 
Counters. 
%* Incorporates stabilised E.H.T. supplies. 
* Fitted with automatic timing control. 
This equipment is built on a unit basis and provides very comprehensive scaling facilities for all 
\ \ types of accurate assay work. It consists of two main units—a Power Unit and a Scaling 


INSTRUMENTS FOR THE \ Unit — together with a number of optional sub-units. These include a Quenching Unit, a High 
, Speed Scaling Unit, an Amplifier|Discriminator Unit, a Paralysis Unit and a Timing Unit. 
NUCLEONIC INDUSTRY NS a 


SS Full details are given in descriptive leaflet No. 185 Z 
AIRMEC LIMITED - HIGH WYCOMBE ~— nee” 
BUCKS See ee ———_ 

~, pT 


Telephone : High Wycombe 2060 a ieee eee 
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HAPELCROSS 


View at Chapelcross power station showing 
some of the 16 Babcock steam-raising units. 











BABCOCK & WILCOX LIMITED have been responsible for the 
design, manufacture and installation of all the steam-raising plant for 
the new Chapelcross atomic power station. This plant, comprising _— 
sixteen 80-feet high steam-raising units (heat-exchangers) 
of the Babcock dual-pressure type, is essentially a duplicate of by 
that at Calder Hall, which has been in successful service Ps 
since 1956, for which also Babcock & Wilcox vould 
supplied all the sixteen steam-raising units. 
It is indeed a prototype of the steam-raising 
equipment for all the much larger atomic power stations 
now under construction in Great Britain, a programme 
in which Babcock & Wilcox are playing a major part. 
Babcock equipment at Chapelcross includes also a 
number of Goliath and other cranes, travelling platforms, 
etc. for spent-fuel handling and other services. 


BABCOCK 


ATOMIC POWER PLANT 
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BABCOCK & WILCOX LIMITED, BABCOCK HOUSE, 209 EUSTON ROAD, LONDON, N.W.I. 
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BRISTOL SIDDELEY 


HAVE DESIGNED A RANGE 
OF GAS BEARING 
COMPRESSORS CAPABLE OF 
HANDLING GASES 
uP TO... 

2,000 psi and 700°C 


with input powers up to 2,000 hp 
They have many advantages 


They are: 
Free from lubricant contamination 


Totally enclosed, needing no me- 
chanical seals 


Practically maintenance-free 


Capable of operating over a 
wide range of temperatures and 
pressures 


BRISTOL SIDDELEY ENGINES LIMITED + COVENTRY = ENGLAND 
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LEAD, TIN, Rw, SOLDERS : 
pone 4 ANTIFRICTION META 
and their allo¥® a ~<f ANTIMONIAL LEAD 
ppre guBLe ALLOYS 
DENSE LEAD SHIELDING 
FOR NUCLEAR WORK 


eting I Touch witty 
ASSOCIATED LEAD 


usually leads to better things 


No matter how you do it, no matter what your particular industrial need, 
getting in touch with Associated Lead is bound to lead to better things— 
better products, better processes—for you and your industry. 
Associated Lead Manufacturers Limited is a single company specialising in the manufacture and supply 
of lead and antimony in all their many forms; alloys; pure metals; chemicals and pigments. 


ASSOCIATED LEAD MANUFACTURERS LIMITED CLEMENTS HOUSE, I4 GRESHAM STREET, LONDON, E.C.2. 


CRESCENT HOUSE, NEWCASTLE. LEAD WORKS LANE, CHESTER. 


Export enquiries to: Associated Lead Manufacturers Export Co. Ltd., Clements House, 14 Gresham Street, London, E.C.2. 
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We are equipped with Weld AS FABRICATORS to the Unit d 


X-Ray Plant, materials testing Kingdom Atomic Energy Author.ty 

and microscopic examinati ‘ 
28: . ent ne Butterfields are proud to have 

facilities : hia 

supplied Irradiation Hood Tubes and 

ILLUSTRATED 

(right) Hood Tube Assembly 


undergoing alignment and accuracy 


Liners for the Chapelecross 
Atomic Power Station. 
Rutterfield craftsmen work to 


the high standards demanded by 


testing in the Butterfield workshops 
( far right) Component parts for 
Irradiation Tubes and Liners 
(below) Irradiation Hood Tubes 


and Liners during construction 


this very important work fabricating! 
in Stainless Steel, Mild Steel, 


as the Power Station Aluminium, “‘ Monel,”’ Nickel etc. 


Fabrications 


for 
NUCLEAR 


ENGINEERING 


W. P. Butterfield Limited 
P.O. Box 38 Shipley Yorkshire Tel 52244 (8 lines) 


Branches 


LONDON Telephone HOLborn 2455 (4 lines) 
BIRMINGHAM Telephone EAS 0871 and EAS 2241 
BRISTOL Telephone 27905 

LIVERPOOL Telephone CENtral 0829 
MANCHESTER Telephone BLAckfriars 9417 
GLASGOW Telephone CENtral 7696 

BELFAST N.I. Telephone 57343 

DUBLIN Telephone 73475 & 79745 
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I'm ‘Squinch’, here to show 
You the right place to go— 

Lang Pneumatic for air information, 
So drop us a line 

And in double quick time 

We will solve your control 
situation. 
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Gives a prod 


to production 


If you think production has reached 
its limit in your factory — 
LOOK AGAIN! Better still, 


call in Lang Pneumatic to do 


*“Pneutomation’ could squeeze 


\ tg “he detective work. Chances are, 
| 


that extra effort out of so many 
of your processes. 
Lang Pneumatic power systems have been 
the guiding hand behind a hundred-and- 
one widely different jobs, 
from jig-boring to bell-ringing, 
from moulding car bodies to animating 
a movie whale! In fact, any operation 
involving repetition, precise location 
of parts, exact amount of force applied 
at exactly the right time and place 
is a job for Pneutomation. 
With Pneutomation in control, 
production rises and is maintained 
at a steady level, accuracy and quality 
are absolutely consistent. No human error, 
no rejects—and falling costs everywhere! 
Lang Pneutomation needn’t involve 
you in heavy capital investment 
either. Complete systems to suit 
practically any job are available ‘ off 
the shelf’. 
So plan with Lang Pneumatic from the 
very beginning of every production venture 
—right from the start, 
you'll be certain of the happy ending! 
Write to:— 


ang Pneumatic Ltd 


[ASSOCIATED WITH DESOUTTER BROTHERS (HOLDINGS) LTD.] 


OWEN ROAD, WOLVERHAMPTON 


Telephone Wolverhampton 25221-2-3-4 





P3427 
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WRIGHT, ANDERSON & CO. LTD. 


CONSTRUCTIONAL ENGINEERS & BRIDGE BUILDERS 


~ 
~ 
~ 
oa 


~ 
~ 
° 





G.P.O. BOX 2, GATESHEAD, CO. DURHAM .- Tel: Gateshead 72246 (3 lines) - Grams: ‘Construct Gateshead" 
London Office: REGENT HOUSE, KINGSWAY, W.C.2 . Tel: Holborn 9811 


Contractors to H.M. Government Departments, Central Electricity Generating Board, National Coal Board, 
Atomic Energy Authority and Crown Agents for Overseas Governments and Administrations 





, $e | 
bit i Lee 
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DIESEL-ELECTRIC 


OBILE 
CRANES 


In addition to tte MORRIS Mobile Crane shown in 
the appropriate modernity of Dounreay Nuclear Power 
Station, we illustrate the 6-ton M.120, 3-ton M.60 and 
6-ton M.100 cranes. 

The capacities, types and lengths of jib available, pro- 
vide a comprehensive range of robust, reliable cranes, 
designed to fulfil efficiently most industrial mobile crane 
requirements. 


For detailed particulars write for brochure 46A to F/35. 


; 


HERBERT MORRIS LTD P.O. BOX 7 - LOUGHBOROUGH - ENGLAND 


TELEPHONE: LOUGHBOROUGH 3123 


NUCLEAR POWER June 1959 Tick No 47 on reply card for further details 47 








P 

















SOUTH AFRICA 


UNITED DIVISIONS 


ATERSON HUGHE 


ENGINEERING COMPANY LIMITED 


The united efforts of specialist engineering 


divisions concentrated upon particular aspects 
of mechanical handling, enable Paterson Hughes 
to plan and design integrated handling 


and production schemes specially suited to particular 


requirements. Large design and manufacturing 
resources, and first-class installation and 


maintenance service ensure that 


Paterson Hughes mechanical handling equipment 


gives complete and continued satisfaction. 


Engineers are always available to discuss your problems. 


FOUNDRY DIVISION 

The Foundry Division has 
longexperience inthe foundry 
industry. Many examples 
of Paterson Hughes pouring 
runways, conveyor systems, 
complete sand handling 
plants, cupola charging 
plants, casting cooling con- 
veyors, areat work throughout 
the industry today. 


CRANE DIVISION 

Paterson Hughes electric 
overhead travelling cranes 
up to I00 tons capacity are 
manufactured in the modern 
crane works in Glasgow. 
Competitive prices and ex- 
clusive design features have 
put Paterson Hughes cranes 
in the forefront of the 
industry. 


BIRMINGHAM 

3 Highfield Road 
Edgbaston Birmingham 15 
Phone: Edgbaston 2957-8 


MECHANICAL HANDLING ENGINEERS & CRANE MAKERS 












INDUSTRIAL HANDLING DIVISION 


Conveyor and elevator sys- 
tems of all types for the 
handling of bulk materials, 
packaged goods and unit 
articles are undertaken for 
all industries. Paterson 
Hughes conveyor systems 
have ensured higher and 
smoother production flow in 
many well-known factories. 


DESIGN FACILITIES 
Design capacity is always 
available to assist clients 
not only in the planning 
and layout of mechanical 
handling systems, but also 
for the development of new 
projects and new machines. 
Strategically placed area 
offices enable close liaison 
to be maintained. 


GLASGOW 
Wyndford Works 
Maryhill Glasgow 


Phone: Maryhill 2172-4 

























Paterson Hughes Engineering SA (PTY) Ltd PO Box 811 Johannesburg 


LONDON—Bedford House Bedford Street London WC2 Phone: Temple Bar 7274-6 
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Standard 
Pulse 
Generator 





Originally designed for accurate 


measurement of channel threshold and 

width in pulse height analysers, this 

generator is valuable in numerous applications 
requiring a shaped pulse of high 

accuracy and stability. 


Full technical specification from 


SUNVIC CONTROLS LTD 
P.O. BOX 1 - HARLOW - ESSEX - TEL: HARLOW 25271 

















AMPLITUDE CONTROL. 
Main: 0-40V with linear accuracy 80mV 
Incremental: 0-1.2V with linear accuracy 


2mV. 


STABILITY. 


Over 8-hour period: better than + 0.05% allowing 


mains variation of + 5% 


PULSE CHARACTERISTICS. 








PULSE WIDTH IN « SEC. 
1 | 5 25 
Rise Time 10-90% 0.4 2.0 25 
Width at 0.5 peak 1.75 8.75 43.7 
Decay time 100-10% 3.0 15.0 75 








sunvrc] Control and-research equipment for seveuce and industry 


Ar A.E.1 Company 


NUCLEAR POWER June 1959 


Tick No 49 on reply card for further details 


Sc 83 


49 










Sp 


















































ett 


‘Rotarprest’ Ends for Pressure Vessels 
can be supplied in Mild, Alloy and Clad 


Steels and Non-ferrous Metals. The capacity 
of the Rotarpress ranges from 5 to 15 feet 
diameter, and }” to 4” thickness. Knuckle 
radii and depth may be varied to meet 
individual requirements. 

* Please ask for List No. NP 965 giving full 


range of sizes 


| 
| 
J 





G. A. HARVEY & CO. (LONDON) LTD. 
WOOLWICH ROAD - LONDON, S.E.7 


Telephone: GREenwich 3232 (22 lines) 
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inning 
SAVES METAL 


—CUTS TOOL COSTS 


The design and production of 
Pressure Vessels may le 
greatly facilitated by using 
dished and flanged ends spun 
by Harveys on the Rotarpress, 
They combine semi-ellipsoidal 
form with large knuckle 
radius. A substantial reduc- 
tion in plate thickness can be 
effected, and in most cases 
tool costs are eliminated. 
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The new 231 R Computer N EW 


can hold up to 100 

amplifiers and other 9 PAC 7 95 
related non-linear equip- 

ment. New removable patch 


panel greatly speeds ANA Rele 
programming. Optional 





items include digital 


potentiometers and ADIOS COMPUTE R 
(automatic digital 
input-output system) 

231 R... 





.. with highest precision : 0,01 0o/o 








Dataplotter 1133 A. 131 R Analog Computer Eight Channel Rectilinear Variplotter 1100-D. 
Recorder 1902-D. 


Electronic Associates, Inc. has been the world's 
leading producer of Analog Computers and Plotting 
Equipment or over 5 years. For further information 
on their PACE Equipment the European Sales Office 
and Computation Center at Brussels is ready to assist 


European Industry 





Rental facilities at European Computation Center in Brussels. 
Electronic Associates Application engineers are available to 
assist clients with their problems. 












sate 


ELECTRONIC ASSOCIATES, INC. 


EUROPEAN SALES OFFICE AND COMPUTATION CENTER, 
43, rue de la Science - Brussels - Belgium - Tel. 11.43.69 






PRODUCERS OF 
“i piaicies” 


ANALOG COMPUTERS 
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ARMOURED 





TMI ARIAL A AG 


revi Illustration shows ‘‘ CORRUSTEEL’’ Armoured 
Cable in the Main Feeder Trunking at London 


+ Ai : building. Electrical C tors, 
| q q | | | ¢ | Ss | | ‘oO i | | a The 168. Game Pre pp Ang - nie 


Street, S.W.3 


WANDLESIDE CABLE WORKS LTD. 106 GARRATT LANE * WANDSWORTH + LONDON S.W.18 ky BRITISH " 


ft 
Telephone: VANdyke 7544 (7 lines) e \ MADE 
Telegrams : ** Wandleside, London” One of FALKS Group. 


OFFICES. LONDON : 2! Fitzroy St., London, W.1. BELFAST : | Advance Factory, Derriaghy, Dunmurry. BRADFORD : 19 Union St., Bradford, Yorks 
Pe A Se A OT Dh eh AAI AE ES EAR LR AE RETIRE I te SMAI I, AT 8 8 | A RS RN te ee 
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~The Power of the Atom 
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Simon-Carves are responsible for nearly half the contract equipment associated with the two nuclear reactors. 
value of the South of Scotland Electricity Board’s nuclear At the same time the Simon-Carves research organisation 
power station at Hunterston. This responsibility embraces and the international experience of Simon-Carves in heavy 
design and supervision of all civil engineering construction engineering design and large-scale contracting are being 
works, including biological shieldings and their cooling applied, in association with The General Electric Co Ltd 
systems, all steel structures and building superstructures, of England, to the development of even more advanced 
the condenser circulating water system and water treatment nuclear power stations in Great Britain and throughout 
plants, and the sixteen steam-raising units and auxiliary the world. 


Simon-Carves Ltd 


NUCLEAR POWER DIVISION | Cheadle Heath, Stockport 





IN ASSOCIATION WITH THE GENERAL ELECTRIC CO LTD OF ENGLAND 
$C202 
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FEATURES THAT PROMPTED THE CHOICE OF 





Here are some of the outstanding 
features that have made ‘ Pyrotenax’ 
Thermocouples the considered choice of 
the scientist and technician for such 
projects as Bradwell, Calder Hall and 
Dounreay and in ever increasing quantity 


in Thermo-instrumentation generally. 


EASILY BENT TO SHAPE 
they are 


IMMUNE FROM THERMAL SHOCK 


AND MECHANICAL DAMAGE 
their 
SMALL OVERALL DIAMETER 


permits use in restricted spaces allowing 
simultaneous readings at different 
points, where normally only one conventional 
type could be sited, and generally 


NO ADDITIONAL PROTECTIVE 
SHEATHING REQUIRED 
resulting in a 
RAPID RESPONSE RATE 


comparable with that of 
mercury-in-glass thermometer 


They have a 
LONG LIFE 
but, because they are 
INEXPENSIVELY REPLACED 


they may be used at temperatures far in 
excess of those normally permitted 
for economic operation. 





= iH : 
i gy 


‘Pyrotenax’ Thermocouples are supplied with 
conductors of COPPER/CONSTANTAN with either 
CUPRO-NICKEL Of MILD STEEL sheath, conductors of 
NICKEL-CHROME/NICKEL ALUMINIUM ALLOY with 
NICKEL-CHROME STEEL sheath for high accuracy, 


high temperature applications. 


Full technical details in publication 31] Xt09. 


PYROTENAX LIMITED 
HEBBURN-ON-TYNE 
Telephone : Hebburn 83-2244/8 





Use of the name “‘Pyrotenax"’ is exclusive to the products of this Company 


and its associates. 


LONDON: Victoria 3745 BIRMINGHAM: Midland | 265 MANCHESTER: Deansgate 3346/7 
GDIO9 
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LEEDS: Leeds 27826 GLASGOW: City 3641/2 - CARDIFF: Cardiff 23687 
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... ACHESON GRAPHITE 


TRADE MARK 


In its work as a neutron brake the pile moderator performs an exceptional 
role in the reduction of neutron velocities to thermal values for the continued promotion 
of the natural uranium fission process. In this function ‘Acheson’ Graphite 
is playing a supremely vital part. -In close collaboration with the United Kingdom Atomic 
Energy Authority 5,000 tons of ‘Acheson’ Graphite conforming to an 
exceptionally strict specification for purity were supplied for the Calder Hall ‘A’ reactor. 
Many thousands more tons of ‘Acheson’ Graphite in nuclear qualities are in 
train for Britain’s Atomic Power Stations. 


ACHESON 


TRADE MARK 


GRAPHITE ELECTRODES 
The term‘ ACHESON’ is a registered trade mark 


a7 BRITISH ACHESON ELECTRODES LTD., WINCOBANK, SHEFFIELD PHONE: ROTHERHAM 4836 
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oNEWIRERM 


Test its STRENGTH 


NEWTHERM is unusually strong and 
rigid—a feature of special importance 
in the larger, more vulnerable sections. 


your plant and prove for yourself its 
outstanding ability to withstand impact 


Put a sample section or slab on part of 


aa 









{ 


Test its EASE OF APPLICATION 


Undoubtedly, NEWTHERM is one of the easiest of 
materials toapply. It is supplied in plastic form and ina 
wide range of standard-sized sections and slabs, smoothly 
finished and straight edged for immediate fitting. The 
finished job is very neat, with minimum joints, and 
appliers particularly appreciate the handleability of the 





and water damage. See how it with- 
stands rough handling in transit and 
erection, minimising breakage in ship- 
ment and erection by unskilled labour 
at the most remote sites. 


material 


especially in difficult situations. 


READ ALL ABOUT NEWTHERM 


in a specially prepared booklet. Sizes, 
compressive strength, thermal conduc- 
tivity,—this and much more useful 
information can be on file if you write 
for your copy now, to the sole manu- 
facturers Newalls Insulation Co. Ltd. 


Test its MOISTURE RESISTANCE 
Even totally immersed in water, 
NEWTHERM retains much of its 
strength and rigidity. It does not become 
deformed when incontact with water, thus 
work-in-progress need not be covered. 
Especially on contracts where weather 
conditions would delay the application 
of insulation— NEWTHERM is the 
material to use. 





Test its LIGHTNESS 


Unusually light for such a high- 
efficiency material NEWTHERM 
compares favourably in this respect 
with other insulants far inferior in 
strength. That means easier handling and 
fewer breakages—even thelargestsection 
is easily carried in one hand. 





NEWALLS (Reg’d Brand) 


NEWTHERM calcium siticate iwculation 


. . . for temperatures up to | 400°F. 











NEWALLS INSULATION CO. LTD. 


Head Office: WASHINGTON, CO. DURHAM, ENGLAND. 
A member of the TURNER & NEWALL ORGANISATION 

Offices & Depots at: LONDON, GLASGOW, MANCHESTER, NEWCASTLE 

UPON TYNE, BIR MINGHAM, BELFAST, DUBLIN,BRISTOL & CARDIFF. 


Agents and Vendors in most markets abroad. 
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= 
Since the early days at “Harwell, Whartons have been prominent i in 
the design and development of special-purpose cranes to meet new 
requirements in the atomic energy and allied fields, both in the 
United Kingdom and abroad. 
If your handling problem is unusual please give us the opportunity of 
discussing your requirements. Our Technical Staff is available to visit 
you at any time in an advisory capacity. 
HE WHARTG, CRANE €& HOIST CO. LTD. 
REDDISH STOCKPORT ENGLAND 
— none 3: Heaton Moor 2227. Grams : * Gallant, Manchester."’ Code : Western Union. 
: TLAND. nd Seer INTies F ‘edict 5 140 West ea eee ss : Laat C Chancery 7 
REPRESENTED IN PRINCIPAL COUNTRIES eeeeemenen THE WORLD 
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CONSTANT VOLTAGE 
TRANSFORMERS 





To ADVANCE COMPONENTS LIMITED 
ROEBUCK RD., HAINAULT, ILFORD, ESSEX 


Please send me a copy of your booklet 
“ Voltage Stabilization” by Advance 


This book deals authoritatively with NAME 
the ‘how’ and ‘why’ of Constant Voltage Trans- 
formers. It lists the present ‘Advance’ range and 

tells of the unique technical advisory service now COMPANY nnn 
available to you. If you have any problem involving ADDRESS... eet 
a.c. voltage stabilization the chances are that the 





POSITION 











answer will be found in this book. Send for a copy 
today. Please use the coupon. 











Advance COMPONENTS LIMITED Mains Stabilization Division 


GD22 ROEBUCK ROAD * HAINAULT * ILFORD * ESSEX - TELEPHONE: HAINAULT 4444 
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They were vertical Glandless 
pumps and there’s reasoning behind 
the choice. 

The simple design having only one 
moving part and no close clearances 
ensures non-stop service and long 
life. 

The glandless construction reduces 
maintenance and eliminates all leak- 
age at the shaft. 

These pumps are self-priming and 
can be located above liquid level. 





if you want dependability— 
you want LaBour 


LaBOUR 


PU MP S 


BRITISH LaBOUR PUMP CO LTD 
BLUNDELL ST LONDON N7 Tel NORTH 6601-5 
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E.M.B. Control Gear is also in use 
at, or scheduled for, the following:— 


Chapelcross Hinkley Point 

Dounreay Hunterston 

Bradwell Calder Hall 
Harwell 





By courtesy of:—C. E. Generating Board & 


FMB at Berkeley 


be this case the Butters Monotower Crane is engaged 
on constructional work but the E.M.B. Control Gear 





; will give the same high degree of reliability which 
Sp wey S08. characterises all E.M.B. equipment. 
Be right from the start! Other E.M.B. Control Gear with MICROsen unit 


incorporated is also being used at this station on the 
Carruthers crane for pile cap loading. 


E.M.B. Co. Ltd. “ws 


CONTRACTORS TO THE ADMIRALTY, CROWN AGENTS TO THE COLONIES, SUPPLY DEPARTMENTS, DOMINION AND OVERSEAS GOVERMENTS 
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CP Production 
Tools 
Small Drills and 


Screwdrivers 


No work demands so much of a power 
tool as assembly-line production. Not 
only must its construction stand up to 
day-in, day-out operation, but it must 
also have the correct power, right speed 
and be styled to get the best out of the 
operator. On all these points the CP 
range of small drills and screwdrivers 
merits attention. In this group of over 
24 variations can be found the right 
size of tool—from ;jj;” capacity—with 
the required shape of handle, the 
necessary speed and with straight or 
angle head. Write for literature on the 
CP range of small drills and screw- 
drivers to select the tool you would 
like for trial. 





THIS is the compressor that costs 
less to maintain: the ‘Power Vane” 
Rotary. The essential simplicity of 
the rotary principle, pioneered by 
Consolidated Pneumatic, means that 
there are not only fewer parts to 
service (no valves, pistons, clutch or 
crankshaft) but also fewer replace- 
ment parts to stock. Oil-flood lubri- 
cation further reduces wear to a mini- 
mum, making “Power Vane" Rotary 
compressors good for long, contin- 
uous running without major attention. 
“Power Vane” Rotary compressors 
deliver pulsation-free, coo/ air in 
volumes from 125 to 600 c.f.m. F.A.D. 
For full details of all models, ask for 
Catalogue No. 58. 





















\ 
‘ 





Dealing with Difficult 
Scaling Operations 
Many industrial processes involve 
problems of scaling and cleaning 
which are not immediately solved with 
just any type of scaling hammer which 
may be to hand. This is one of the 
reasons why Consolidated Pneumatic 
make 19 different types of chipping 
and scaling tools. Obviously such a 





~~ Mawda t 






ROTARY 











range as this is likely to include just 
ed COMPRESSORS the type of hammer to suit your parti- 
] eos . . 

cular conditions and it would be in 
ar your interest to write for literature 
ch giving full details of these models. 
nit 
he 
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by MANUFACTURED BY (Consolidated Pneumatic 
- | CONSOLIDATED PNEUMATIC TOOL CO LTD - DAWES ROAD - LONDON - SW6 
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HOPKINSONS’ 


equipment at 


CHAPELCROSS 


Another nuclear power station* has been 








supplied with Hopkinsons’ valves and 














allied specialities, including stop valves 


varying in size from jin. to 28in. For 





Chapelcross we have supplied 
electrically-operated parallel-slide valves 
desuperheating equipment, relief 
valves, combined stop and isolating 
valves, automatic exhaust valves, 
non-return valves, ‘‘Uniflow”’ 
valves, ““Nolos’” steam _ traps, 


centrifugal oil separators. 





26 in. bore Parallel-slide Valve with 
electric control unit. 


*Hopkinsons’ valves and fittings have been supplied or are 


on. order for: 


CALDER HALL CHAPELCROSS 
DOUNREAY BRADWELL 
BERKELEY HINKLEY POINT 
HUNTERSTON LATINA (ITALY) 


20 in. bore Deadweight 
Relief Valve. 





Centrifugal Purifier for continuous purification of 
turbine lubricating oil. 


HOPKINSONS LIMITED - HUDDERSFIELD 


LONOON OFFIC €: 34 NORFOLK ee Be ee ° STRAW O+> W.€.2 





HV112 


 @ 
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—-ON SCHEDULE 


From the start to the successful completion of 
Britain’s Nuclear Power Station at Chapelcross, 
Henderson Derrick Cranes operated continuously 
throughout the four-year contract, without falter- 
ing and with the minimum maintenance outlay. 

Unequalled for service, performance, operation and 


HENDERSON leads the field in derrick crane design 


control Henderson Derrick Cranes are chosen the 
world over. The NEW Henderson Derrick Cranes 


With acknowledgements to The Mitchell feature unit construction, enclosed gears, ball and 


Construction Co., the Main Building and 


Civil Engineering Contractors roller bearings. Erection and dismantling is faster, 


control easier, vision better, running smoother, 
maintenance lower. 


JOHN M HENDERSON & CO LTD KING’S WORKS ABERDEEN SCOTLAND 


P3422 
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There’s nothing to equal 


SWIFTPLAN 





FOR SPEED, ECONOMY AND FREEDOM IN DESIGN 





SWIFTPLAN STAR FEATURES 


UNIQUE FLEXIBILITY 


in planning and design 


UNINTERRUPTED FLAT CEILINGS 


REMARKABLE EASE AND SPEED IN ERECTION 


a block a day! 


MINIMUM SITE COSTS 


QUALITY MATERIALS 
for strength and durability 


PRECISION BUILT—ENGINEER TESTED 


ECONOMICAL TRANSPORT 


(four units per vehicle) 
100% RECOVERY VALUE 


COMPLETE WITH DECORATIONS - FLOOR COVERINGS 


LIGHT - HEATING - PLUMBING as required 


AND THE SWIFTPLAN ALL-IN SERVICE 


PLANNING - TRANSPORT - ERECTION - RE-SITING 


MOBILE OFFICES RAILWAY STATIONS 
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WORKSHOPS 





Swiftplan Units 

(25 feet long by 8 feet 
wide) can be used 

in combination to form 
single, double or 
multispan buildings. 











Here at last in Swiftplan you have all the advantages of a 
precision-built mobile building plus real freedom and 
flexibility in your planning and design! Doors, windows, 
etc., just where you want them—without extra charge! Far 
greater flexibility in positioning partitions, and a choice 
of alternative heights of building. (And—what is surely 
long overdue—uninterrupted flat ceilings!) Swiftplan 
opens the way to altogether new standards of efficient 
planning and aesthetic design. From every point of view— 
speed, quality, durability, economy—Swiftplan units excel. 
Write today for illustrated leaflet, and, if you have any 
accommodation problem on your hands, send us details 
and we will gladly advise you free and without obligation. 


IFTPLAN 


LIMITED 





39 VICTORIA STREET: LONDON: S.W.1 
Telephone Abb y 4393 


STORES CANTEENS + CAMPS ABLUTIONS 
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RIGHT: Installing Henley single-core 33 kV cables in Turbine Hall Transformer Bays 
BELOW: Henley Control Cables rising to Reactor No.! Control Panels. 


Chapelcross opens... 


Officially opened on 2nd May by the Lord Lieutenant of Dumfriesshire, 
the first of the four reactors at Chapelcross is already in operation. 
Plutonium is being produced and electricity is flowing to the grid. 
Integrating every aspect of this dynamic enterprise—from basement 
to pile-cap, turbine house to reactor building—are the ‘‘nerves”’ 

of Chapelcross . . . the vital electric cables that must meet the vast 
power requirements and the minute, intricate needs of the complex 
warning system. All the power and service cables at Chapelcross 

are Henley Cables. Henley’s, together with their sub-contractors, 
Messrs. T. W. Broadbent of Huddersfield (who are responsible for 
instrument wiring, M.I. cable and conduit work) have installed 

over 160 miles of cables in all—a contract valued at £} million. 

Thus HENLEY cables are playing their part in Britain’s plutonium 
production programme and, as Chapelcross achieves maximum output, 
Henley cables will channel 140 MW of power into the national grid. 
Chapelcross is a proud project—and Henley’s are proud of their part in it. 


CONSULTANTS: MESSRS. MERZ & MCLELLAN. 


Let i t=. LE @ cables carry the current 


An A.E.I. Company 


W. T. HENLEY’S TELEGRAPH WORKS CO. LTD. 


51-53 HATTON GARDEN - LONDON -: E.C.1 ¢ Tel: CHAncery 6822 
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Making Light of Heavy Duty 
... at GHAPELGROSS 







































































For the extra heavy transport duties at Chapelcross and 
other Nuclear Power Stations the Atomic Energy Commis- 
sion operates three E.R.F. vehicles similar to that shown 
here. 


Each is a Model 66RH E.R.F. Tractor Unit, fitted with 6- 
cylinder Rolls-Royce oil engine developing 200 b.h.p. With 
the Dyson Low-Loading Trailer, as illustrated, the vehicle 
has a capacity of 50 tons. 








Whatever the job in heavy transport there’s an E.R.F. 
Model that will do it better and at lower running costs— 
as E.R.F. owners all over the world are proving every day. 
We invite you to write for full details of the E.R.F. range 


ERF LIMITED - SUN WORKS - SANDBACH - CHESHIRE 


DIRECTORS: D. Foden, E. P. Foden, E.. Sherratt 


Telegrams: E R F Sandbach 
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AND ATOMIC 
ENERGY 
SPRINGFIELDS 
SELLAFIELD 
CAPENHURST 
DOUNREAY... 












Specialists. for many years in the planning and installation of 
plant and machinery services for all industries. WARDS have 
played an important part in the construction of several Atomic 
sites. 

At Chapelcross they have installed the Thermal Shields, 
Graphite Base Plates and Cores, Charge Pans, Charge Tube 
Cooling Equipment and Burst Slug Detection Gear and have 
provided Cranes and Mechanical services. 


THOS. W. WARD LTD § "““"°“ 


PLANNING AND 
ALBION WORKS .- SHEFFIELD 
TEL: 26311 (22 Lines) EXT. 281 - GRAMS: FORWARD SHEFFIELD INSTALLATION 


London Office: BRETTENHAM HOUSE LANCASTER PL. STRAND W.C.2 
DEPARTMENT 
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-” WESTON 


Regd. Trade Mark No. 763106. 


OIL SEALS 


+ “XA wide range of types and sizes for every purpose. 
Over twenty years’ experience is at your service. 
iy 








Write for catalogue to: CHARLES WESTON & CO. LIMI TED 


IRWELL BANK WORKS - DOUGLAS GREEN - PENDLETON - SALFORD 6 


TELEPHONE: PENDLETON 2857-3-9 BIRMINGHAM: ERDINGTON 5459 LONDON: HOLBORN 0414 
TELEX 66-255 TELEX 2-2682 
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Photograph by courtesy of U.K.A.E.A 


BOILER FEED PUMPS 


FOR NUCLEAR 


Complete range of Boiler Feed Pumps 
for nuclear and orthodox thermal 
plants including advanced class units. 


write for literature to 
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POWER STATIONS 









6 low temperature 
units each rated for 
an output of 650,000 
Ibs/hour for the Chapelcross 
installation of the United 
Kingdom Atomic Energy Authority. 


Consulting engineers for the Chapelcross 
Atomic Power Station are MERZ & 
McLELLAN. Civil engineering contractors are 
the MITCHELL CONSTRUCTION CO., LTD. 


SULZER BROS. (LONDON) LTD. 


- INCORPORATING HATHORN DAVEY & COMPANY LIMITED 


31 Bedford Square, London, W.C.| 
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REACTOR INSPECTION 


Dif 





FOR CHAPELCROSS 


Television is a vital technique in the operation of gas-cooled 
reactors. The type of cameras shown are used at Chapelcross 
Nuclear Power Station, England; they carry their own lighting, and 
in addition to visual inspection of the reactor interior, permit the 
removal of objects trom the reactor using the special grab attach- 
ments. All the camera facilities are controlled remotely. 
The camera functions satisfactorily with radiation dose rates 
greater than 10° Rads. per hour; cooling gas, carried to the 
camera by the supporting hose, allows operation with ambient 
temperature of 150°C. 
Direct experience of such conditions over a number of 
years has enabled Pye to design cameras that will with- 
stand high levels of nuclear radiation, temperature and 











pressere. Models can be supplied for use in water- 
cooled reactors. If you have any specialised 











television requirements, contact Pye Ltd., and 
avail yourself of their experience. 
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TELEVISION EQUIPMENT 


REACTOR CAMERAS 


NUCLEAR POWER 
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complete remote 
‘ control of the 
a | Z camera. It carries 
oe . ° 
r the picture monitor 
and the control unit. 
PYE LIMITED ATOMICS DIVISION CAMBRIDGE . ENGLAND 


June 1959 
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Switchgear 
for Chapelcross 






‘ENGLISH ELECTRIC’ switchgear similar to that supplied for the Calder Hall A and B stations 















has been installed in the atomic power station at Chapelcross, Dumfriesshire. 
Four 350 MVA, 11kV switchboards incorporating metal-clad circuit-breakers 
will control the blower circuits associated with the heat exchangers of reactors 1, 2, 3 and 4. 
Four 3.3kV and eight 415 V air-break cubicle type switchboards will control 
the auxiliary power supplies for the turbine, pump and reactor houses, two of the 


415 V boards feeding the reactor control rod generating sets. 


‘ENGLISH ELECTRIC 


THe ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 


WORKS? STAFFORD : PRESTON : RUGBY ° BRADFORD LIVERPOOL . ACCRINGTON 
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Quality and service 


combined with low cost 






and high performance, 





in a comprehensive 








range of truly British 






Cranes and Hoists— 














Matterson 
your inevitable choice Crabs 
Matterson the modern capacity up 

to §0 tons. 





name for Cranes. 


: /, / /alferson 


THE MODERN NAME FOR CRANES 
































Comprehensive leaf- 
lets giving details and 
prices of the Matter- 
son range of Cranes 
and Hoists, are yours 
for the asking. 


Weite WOW] 





Matterson Cranes capacity up to 50 tons Lh 


40 Years Service to British Industry Tel.: ROCHDALE 4932! 
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H.P. SUPERREATER 

















Steam, feed and CO, pipework in trenches with heat exchangers in background. 


S&L PIPEWORK 
FOR CHAPELCROSS 


We are the main contractors for the high and low 
pressure pipework at Chapelcross nuclear power 
station. Our contract includes the design, manu- 
facture and installation of the steam feed, CO, and 


service water pipework. 


In addition we have supplied over 250 miles of 
PI 


E.R.W. steel tubes for the heat exchangers. 
CONSULTING ENGINEERS: MERZ & McLELLAN. 


The illustrations are reproduced by courtesy of The United Kingdom 
Atomic Energy Authority, and of ‘Nuclear Engineering’. 


STEWARTS AND LLOYDS 
LIMITED 


GLASGOW - BIRMINGHAM - LONDON 


(S&L) 


















































































Equipment for t 
Chapelcrec 
Atomic Power 
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D.C. Rectifier Switch Boards of the cubicle pattern 
equipped with withdrawable breakers rating from 
100 amps. to 2,400 amps. 


Ward-Leonard 
Control Boards. 


Supplied by: 


WHripp s Bc 


SWITCHGEAR SP 
CASTLETON e¢ ROCHDA 
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modern potting material 


For the potting of capacitors, chokes, delay lines or 
similar components where protection against mechanical shock, 
vibration, moisture or corrosion is essential, 


‘Epikote’ resins have proved exceptionally efficient. 


They adhere strongly to most materials, with minimum shrinkage 
on cure, are tough, withstand thermal cycling, 


and possess excellent electrical properties 


over a wide temperature range. 


Ask now for fuller details of how ‘Epikote’ resins can solve 


your potting problems. (Please quote No. EE.6.) 














EPOXY RESINS 


SHELL CHEMICAL COMPANY LIMITED 


In association with Petrochemicals Limited and Styrene Products Limited 


Divisional Offices: LONDON 

MANCHESTER 

BIRMINGHAM 

GLASGOW 

BELFAST 

“EPIKOTE” is a Registered Trade Mark. DUBLIN 


105-9, Strand, W.C.2. Tel: Temple Bar 4455. 
144-6, Deansgate 3. Tel: Deansgate 2411. 

14-20, Corporation Street, 2. Tel: Midland 6954. 
124, St. Vincent Street, C.2. Tel: Central 9561. 
16-20, Rosemary Street. Tel: Belfast 26094. 


33-34, Westmoreland Street. Tel: Dublin 72114. 
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---- mild steel) 
Stainless steel, 
nickel and 

aluminium etc. 


Photograph published by courtesy of 
Messrs. Sutcliffe Speakman Co.Ltd, Leigh, Lancs. 


UNIVERSAL BOILERS & ENGINEERING CO. LTD 


HEAD OFFICE: FULLEDGE WORKS - BURNLEY - LANCASHIRE - ENGLAND 
Telephone: 3121/2 and 3203 Burnley (3 Lines) Telegrams : ‘UNIVERSAL’ Burnley 


Associated with BURNLEY AIRCRAFT PRODUCTS LTD. Fulledge Works Burnley Telephone: 3121/2 


GROSVENOR STREET, STONEYHOLME, BURNLEY Telephone: 3184 
and BRITANNIA WORKS, QUEENSGATE, BURNLEY Telephone: 4102 
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1.C.1. CARBON DIOXIDE 


TO CALDER HALL AND CHAPEL CROSS 










1.C.1. supplies 
IMPERIAL CHEMICAL INDUSTRIES LTO 
LIQUID CARBON DIOXIDE 


= 





liquid carbon dioxide 
to the United Kingdom 
Atomic Energy Authority 
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I.C.I. liquid carbon dioxide meets in full the exacting requirements of the 
atomic energy industry, and it is available whenever and wherever it is wanted. 
A fleet of specially-constructed tankers, each of 9 or 10-ton capacity, makes 
express deliveries of liquid carbon dioxide to the U.K.A.E.A. nuclear power 
stations at Calder Hall and Chapel Cross. 

For over a quarter of a century, pure liquid carbon dioxide has been produced by 
Imperial Chemical Industries Limited in a continuously running plant. The 
production capacity has guaranteed—and will continue to guarantee—regular 
and adequate supplies of liquid carbon dioxide in bulk. 


For development projects and experimental work, 
the ‘ Drikold’ Liquefier is available—inexpensive, simple and quick to operate. 


Full information on request. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON, S.W.1!1 
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The CEGB Nuclear Power Station at Bradwell - juxta - 
Mare incorporates forty-eight Hayward Tyler glandless 
motor pump units in the high and low pressure second- 
ary heat exchange systems. These pumps are supplied to 


the order of Clarke Chapman & Co. Ltd. 


HAYWARD TYLER 


CO LTD LUTON ENGLAND LUTON 6820 


SALISBURY HOUSE, FINSEURY CIRCUS €.¢€.2. NATional! 
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Co-ordinated Resources for Service in the Nuclear Field 


Solenoid operated valve 
orifice 0.25 millimetres 


















































Argonarc Welging - Rowenarc 
Uraulic and 
ctuating Systems 
g - Design and 
Facilities - Prototype 
acture facilities - Pro- 
ion Facilities - Patented 
@pper free brazing for steel, 
tainless steel, Niobium, 

etc. - Fork Trucks and 
Materials Handling Equip- 
ment * Pressure Vessels * Test 
facilities, including Hydraulic, 
Pneumatic, Mechanical - Test 
facilities for Prototypes - 
Structural Steel work - Metal 
Equipment, Partitioning, Bins 
and Furniture - Remote 
Control Equipment - Cold and 
Hot Presswork * Fabrication 
work * High Tensile 

Bolts - Package Irradiation 
Plants - Electro-Hydraulic 
Controls and Servos - Special 
Purpose Machinery and 
Machine Tools - Com- 


pressors * Oil Firing Equipment 
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FOR THE CHAPELCROSS REACTORS 





> 


Whessoe Ltd. chose Darlington Insulation’ 


Nuclear engineering cannot tolerate faulty design or ill chosen 
materials. Every inch of a plant that houses such tremendous 
From Calder Hall on, The energy has to be designed and constructed to highly critical 


Darlington Insulation Co. Ltd. 


has been associated with most of | specifications. That is why such contracts go only to the 


the nuclear power stations com- 

pleted and building in the United 1 

Kingdom, and we can fairly claim cream of industry. 

to be the world’s most experienced . ° : 

sucleer power station insulation For this reason we at The Darlington Insulation Co. Ltd. are 
In more everyday fields of heat, | Proud to have been selected by Whessoe Ltd. to insulate the 
cold and sound insulation our * 

experience is even greater—and reactors at Chapelcross 

it is entirely at your service. 

Simply write to 


THE DARLINGTON INSULATION COMPANY LIMITED 


A MEMBER OF THE DARLINGTON GROUP OF COMPANIES 


% The insulating materials selected 38 Great North Road, Newcastle upon Tyne 2 

were, naturally, Metadextramite and § 

Darlington 85%, Magnesia made by or telephone Newcastle 23666 

The Chemica! & Insulating Co. Ltd.— wee =e . 

another member of The Darlington Group Branches at London, Birmingham, Bolton, Bristol, Cardiff, Glasgow, Leicester and Sheffield HI6 
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WESTON 


MOVING COIL 


RELAYS 


The simplicity and reliability of relay control 
for a wide variety of applications has led to 
the ever increasing use of Weston Moving 
Coil Relays. Let us have a note of your relay 
problems and we will be pleased to advise on 
the most suitable model for any set of con- 
ditions. Enquiries should, if possible, be 
accompanied by full particulars of both 
control and local circuits. 





Illustrated is the Model $170. Other types include the 
Model S124, a magnetic contact relay which operates 
with a minimum power input of 0.004 microwatt 
and the Model S115, a miniature relay, which 
functions as an “on-off” switching relay. 


SANGAMO WESTON LIMITED 
ENFIELD - MIDDLESEX 


Tel : ENField 3434 (6 lines) & 1242 (6lines) Grams: Sanwest, Enfield 


h Factory: Port Glasgow, Renfrewshire, Port Glasgow 41151 
London, CHAncery 4971 
-upon-Tyne, Newcastle 26867 
ampton, Wolverhampton 21912 
1781 


Glasgow, Central 6208 Manchester, Central 7904 
Leeds, Leeds 30867 - Liverpool, Central 0230 
Nottingham, Nottingham 42403 Briscol, 


+ Southampton, Southampton 23328. 
SW/67 
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Nuclear Power 





PUBLISHERS COLUMN 


Although it received but scant attention from 
the National Press, the official opening of 
Chapelcross power station marked an impor- 
tant stage in our atomic energy history. True, 
it is virtually identical to Calder Hall and its 
power is not large compared with that of the 
more advanced CEGB stations now building. 
Nevertheless its 140 MW output is enough to 
supply a city about the size of Leicester and 
is far more than that of many coal-fired 
Stations we thought so large only ten years 
ago. 

When we learned that May 2 had been selected 
as the official opening day we immediately 
decided that Chapelcross should form the 
theme for our June issue. But there was a 
problem. As far back as July 1958 we had 
published an important article on construc- 
tion aspects of the station by Mr. P. Knowles 
of Merz & McLellan, the Consulting Engin- 
eers in charge, together with a large coloured 
section view of the station. Clearly we could 
not go over the same ground again. 

The passage of a year since that article had 
seen one reactor coming into commission, so 
what better than a follow-up article describing 
how this was done? We therefore approached 
Mr. D. R. R. Fair, the Works Manager at 
Chapelcross, with the proposition that he write 
one for us. To this Mr. Fair agreed, and 
the article duly appears in this issue. 

When it came to a front cover, it had to 
be Chapelcross too, but we didn’t want just 
another photograph. It occurred to us that so 
far no one seems to have shown graphically how 
far we’ve come since the Queen opened Calder 
on October 17, 1956, so we’ve attempted to 
do this. Of course the rise in output should 
be shown in steps as each reactor was brought 
on the line but we thought it was less confus- 
ing to smooth these steps out. By next spring 
Chapelcross and Calder together will be 
delivering 280 MW and a few months later 
Berkeley and Bradwell will begin to make 


their presence felt. A programme to be proud of. 


A stage in the programme 


81 





Delaney Gallay trp 


HEAT 
EXCHANGERS 


We have vast 
experience in the 
design and construction 
of heat exchangers in 


light alloy and stainless : D Ne re sige 8 

steel. We shall be glad | be made to fit both simple and complex shapes. The 
stainless steel sheathing is dimpled for maximum 

to help you in this rigidity, and can be completely sealed against the 
ingress of liquids if necessary. 

field too. They are designed for easy fitting and removal, 
and can be supplied with apertures to accommodate 
controls. 

If you would like further information, please 

contact us. We shall be happy to supply it. . 


Experts in Heat Exchange & Heat 
Insulation for over 40 years. 


Vulcan Works, Edgware Road, London, N.W.2. Tel: GLAdstone 2201 
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Fuel element future 





From the Head, Fuel Development Branch, Atomic 
Energy of Canada Ltd 

SIR: If the 450 delegates who attended the Fuel 
Element Symposium described by Dr. Greenough in 
your April 1959 issue were polled, [| would wager 
that virtually all would disagree with Greenough’s 
summary statement that ‘the general impression left 
by the colloquium is that in the immediate future 
the best elements are likely to be based on metallic 
fuels in metal cans. I think most would simply sub- 
stitute the word ceramic for metallic. 

Another misconception is conveyed in the article 
by the subtitle ‘Stainless cladding most popular.’ * 
Outside of the UK, the sheathing materials most 
| favoured for large-scale use in power reactors are 
zirconium alloys, nor stainless steel. 

The reference to development at Chalk River of 
stainless steel clad elements where the wall thickness 
is as little as 0-006 in. is erroneous. What was said 
was that zircaloy-2 clad fuel elements with a ratio of 
sheath diameter: wall thickness as high as 60:1 were 
being developed 





Chalk River, Canada O. J. C. RUNNALLS 


* This subtitle was actually an editorial insertion, but 
it is an echo of the text. Ed. 


Pools and tanks 





From the Director, Sodium Reactors Dept, Atomics 


’ a dozen more International 


SIR: I would like to attempt a rather more complete 
} lik it answer to the question, appearing in your April 
' e I aa6 issue (Sir p 75), concerning the difference between a 

pool reactor and a tank reactor. 
There should be no difficulty in distinguishing be- 
have been installed at Britain’s newest Nuclear tween the basic features of the two types, although 
Power Station at Chapelcross because of the it is true that there has been some confusion in the 
, = ‘ , = is labelling of those on the market. The single distin- 
international reputation these metering pumps guishing feature of the pool type should be the ex- 
enjoy for economy, efficiency, and reliability. When posed free surface of the water pool, the depth of 
you see these remarkable pumps in action which provides the only shielding in the upwards. 
you appreciate at once their undisputed ability to vertical direction. A very small pool type should not 
be called a tank type just because it is small, and any 
WORK WITH ROUND-THE-CLOCK EFFICIENCY which uses a solid shield cover should be classed as 


a tank type. Of course this definition can get us into 


AT CHAPELCROSS trouble if a cover shield is provided to be used at 


the discretion of the operators. 
ra The logic of this definition arises from the limita- 
Miekern (NG) y tion which the exposed pool surface places on the 
(Linmikec! 


operating power level and the available neutron flux. 
All enquiries to 


The activation of trace impurities in the water and 
the N-16 activity produced from the O-16(n,p)N-16 
21, The Mall, Ealing, London, W.5. Telephone: EALing 4024 (PB X) 
Telegrams: Metripumps, London, W.5. 









reaction result in radiation levels above the surface 
of the pool which are excessive for power levels above 
one megawatt or so. This limits the maximum flux 
for pool types to a few times 10!° and consequently 
limits their utility and capability as truly research 
reactors. Pool types do permit some ‘ flexibility’ (in 
the language of those who peddle this type) and do 
permit viewing of the Cherenkov glow but they can- 
not compete with higher flux tank types in their 
potential to support research programmes. Most cer- 
tainly a lot of training can be done with pool types, 





Cables: Metripumps, London. 
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‘L'o 
Specilic ations 


Long experience in the 

















production of wrought light 
alloys has enabled ug to meet 
the new high standar: 
demanded in the field\ of 
nuclear engineering. 


ze 


Birmetals 











Birmetals manufactur 
magnesium and aluminjum 
alloys in the form of _ 
strip, plate, tube, wire, nod and 
bar, extruded sections arid 
forgings to all U.K.A.E. 


specifications. \ 





Our experience 


is at your disposal. 





tama 





BIRMETALS LIMITED - WOODGATE:-\WORKS =: BIRMINGHAM 32 


| 








BM 24 
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Like our famous contemporaries 
Heckles & Rowlock, we too are often 
misinterpreted. Our lot is even harder, 
however, for we do not manufacture 
straightforward things like tubes. 

We could put it simply (and inadequately) 
by saying that we make the black stuff on 
the walls of your T.V. tube; that we have 
recently produced a conducting ink for 
postage stamps, a silver dispersion for 
the repeater valves of transatlantic 
telephone cables. We could say that 

and still overlook hundreds of other 
importunt uses for our products. 
Although Dr. E. G. Acheson first 
manufactured colloidal graphite over 

50 years ago, we admit there are still 
too many people who do not know 

about us. This is a pity for we are solving 
problems — electrical, electronic, metal- 
working, nuclear, for instance —in 
industry all over the world. 

Do you understand us better now? 
Probably only a little. 


May we tell you more ? 


Colloids 


Acheson 


LIMITED 


(a subsidiary of Acheson Industries (Europe) Limited) 


P.O. BOX 12 
PRINCE ROCK * PLYMOUTH * DEVON 
Manufacturers of dispersions of colloidal graphite, MoS, 
ver, glass, vermiculite in suitable carrier liquids including 
oil, water, white spirit, alcohol toluene. 





4LSO ACHESON COLLOIDS CO., PORT HURON, MICHIGAN, U.S.A. 
«& ACHESON COLLOIDEN N.V. SCHEEMDA (GR) NETHERLANDS 
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some radioisotopes and activations can be produced, 
and some types of research problems can be pursued. 
But let it be recognized that anything which can be 
accomplished at low flux levels can be done much 
easier and faster at higher flux levels, and that the 
marginal or ‘tough’ research problems can only be 
done with the higher flux levels. 

Those who are in the market for laboratory reactors 
should consider very carefully what it is they wish 
to do with them, in advance of placing their orders. 
It is one thing to wish to do training and to produce 
some low specific activity radioisotopes, and another 
thing to turn out significant research results. 

I might close this lengthy note by saying that I 
believe it will not be too long before it is realized 
that mistakes have been made in the indiscriminate 
purchases of laboratory reactors, Many too many are 
installed without any well defined objectives beyond 
that of their prestige value in being able to say that 
the things exist. If someone, in each case, bothers 
to keep track of what is being accomplished by having 
the device around, I am certain that there are apt 
to be a host of disappointed people. 


Canoga Park, Calif. MARVIN FOX 


Boiling nomenclature 

SIR: In reply to Dr. Patten’s letter in your April 
issue, although it might be desirable to compare boil- 
ing heat transfer results with a standard nucleate 
boiling heat transfer correlation, it would be difficult 
to choose a universally acceptable one, considering 
the wide range of variables involved. Most western 
authors, on presenting their experimental results, re- 
fer to one or another of the better known correlations 
that we described in our later article on ‘ Boiling 
effects in liquid-cooled reactors’ (NP February and 
March). This is probably the best solution at this 
stage. 

We would agree with Dr. Patten on the desirabi- 
lity of presenting experimental boiling results on a 
linear plot when only a small section of the boiling 
curve is being investigated. Fortunately most authors 
already do this (e.g. Westwater and Santangelo, Ind. 
Eng. Chem. 1955, 47 p. 1605). The logarithmic plot, 
although useful when defining the boiling regimes, 
can be misleading in that it disguises the sharpness 
of the heat flux peak and this is presumably why 
Dr. Patten is reluctant to accept the term ‘critical 
temperature difference.’ 
shown in our original article (NP January) is re- 
plotted on a linear scale, the heat flux has a very 
sharp maximum defining the ‘critical temperature 
difference’ to within about S5°F for the particular 
set of experimental conditions. 

We take this opportunity of adding one further 
point to our original discussion. Translations of 
Russian, German and other foreign language reports 
on boiling would be more comprehensible if the terms 
suggested in our paper were used instead of the literal 
rendering of the original. 

H. A, ROBERTS 


A.E.R.E., Harwell R. W. BOWRING 


There was a misprint in Dr. Roberts’ reply to Dr. 
Gambill's letter in Sir last month. The maximum 
burnout heat flux quoted should, of course, have been 
54-8 x 10° Bru/ft2h and not 54-8 x 10-® Btu/ft2h. Ed. 


In fact, if the boiling curve 
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‘GOING CRITICAL’ 


In building up a reactor, the nuclear fuel is added 
until the supply of neutrons from fission of the 
uranium balances the losses by capture and leakage. 
Beyond this critical stage, a self-sustained chain 
reaction starts. 

It was the metallurgist who discovered how to 
produce uranium in manageable forms, how to 
sheathe it without wasteful absorption of neutrons, 
ard how to fabricate metals for the control rods 
wich discipline the activity of the reactor. In other 


IMPERIAL CHEMICAL 


METALS 
DIVISION 





INDUSTRIES 


words, the metallurgist is responsible for the reactor 
“going critical’ with a minimum weight of fuel, and 
for its reliable, safe operation for long periods. 

No organisation has done more towards solving the 
metallurgical problems of nuclear engineering than I.C.I. 

Fifteen years ago, I.C.I. Metals Division produced 
Britain’s first fabricated uranium. Today, the 
technical resources and practical experience of the 
Division are geared to meet the increasingly stringent 
demands of a major industry. 


LTD., LONDON, S.w.! 


—— 
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The World Bank speaks 


HE COMPETITION LAST YEAR for Pro- 
T ect ENSI, the 150 MW nuclear power station 
in Southern Italy, was the first ever held in which 
tenders for several different reactor types were 
invited. To evaluate these, the World Bank, which 
sponsored the project, appointed an eminent panel 
of experts drawn from Canada, USA, Italy, France 
and the UK. Their findings have now been pub- 
lished in a summary report which is probably the 
frankest and most realistic comparison yet made 
of the reactor systems involved. 

The summary is a heavily blue-pencilled version 
of the full report, which is being withheld on 
commercial security grounds, but it makes very 
interesting reading nevertheless. The reactors pro- 
posed all remain anonymous except the successful 
IGE design, but the disguise is fairly thin and it is 
possible to identify most of them. The Panel 
grouped the reactors into two main types—natural- 
uranium, gas-cooled (3 British, 1 French) and 
enriched uranium (2 pressurized, 2 boiling, | 
organic)—and finally chose the IGE boiling water 
system. On all counts, however, one of the British 
designs (referred to in the Report simply as GC-1 
but understood to be the GEC’s design) came a 
very close second, being actually slightly better on 
overall unit costs at interest charges under about 
6-7 

On the gas-cooled reactor in general the Report 
is encouraging, rightly pointing out the very much 
lower fuelling costs obtainable. For the three 
British designs, which differed from each other by 
only a few tenths of a mill, this came to about 
3 mills/kWh. The French design (Alsthom) appar- 
ently had a considerably greater fuelling cost but 
made up for this to some extent by a lower capital 
cost. 

From the report it appears that the figure of 
3000 MWd/t, generally accepted in this country for 
the burnup obtainable with magnox-canned natural 
uranium, is somewhat pessimistic. If axial shuffling 
is a practical proposition—and we can see no rea- 
son why it should not be, provided the design of 
the fuelling machine is right—it seems that 4500 
MWd/t can be achieved, and even more if radial 
shuffling is possible as well. This is on reactivity 
considerations, but it is thought that this -burnup 
might well be approached before swelling becomes 
Serious. A possible figure of 4380 MWd/t is men- 
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tioned. If this is indeed the case it is going to 
throw new light on CEGB reactor economics. 


Two of the gas-cooled tenders (one of them 
GEC) proposed a hollow fuel element which, on 
paper, gave indications of higher power output 
and burnup. The report mentioned that a substan- 
tial irradiation programme on such elements is now 
in progress in the UK, since it is intended to use 
them in future plants. The Panel appears to have 
been highly impressed with the GEC’s system of 
fuelling from below and considered this would 
enable both axial and radial shuffling to be carried 
out expeditiously. One way in which the gas-cooled 
reactor is at a disadvantage compared with en- 
riched types is in the number of operating staff 
required. The Panel’s comparison showed a differ- 
ence of about 60 which, they say, could amount 
to about 0:2 mill/kWh. The organic-moderated 
reactor, however, would be even worse off owing 
to the staff needed for operating the clean-up 
system. 

The Panel discussed at length the uncertainties 
in calculating the reactivity of GCR’s and found 
that in some cases a reduction of output might 
have to be tolerated for a few months while the 
reactivity of the initial fuel loading is increased. 
They also say that some of the original control 
systems were considered unsatisfactory and that 
modifications would be necessary to cope with 
possible asymmetric flux distributions. However, the 
Panel had little doubt that these could be made 
without much difficulty. 


The most significant finding about the water- 
moderated types is the rejection of stainless steel— 
proposed as cladding by all the US tenders except 
IGE—owing to the poor neutron economy result- 
ing. The successful IGE design uses 1-84% en- 
riched oxide in zircaloy-2 with a guaranteed burn- 
up of over 13,000 MWd/t. An interesting point in 
this connexion is the Panel’s remarks on cobalt 
production from nickel in the steel. This subject 
was recently discussed by Dr. Zinn in this maga- 
zine and the Panel considered the problem could 
be ‘quite troublesome’ in boiling systems. Sur- 
prisingly, of the enriched systems only the IGE 
design included means for burst slug detection and 
the Panel regard the satisfactory development of 
this as of the ‘ highest priority.” 
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Worldview 


the month in atomic energy 


BRITAIN TO BUILD NUCLEAR SHIP 


Eight proposals include advanced reactors 


During the first two weeks of May, 
British nuclear and marine engineers 
showed the Government that they were 
just awaiting the order to go ahead. The 
United Kingdom AEA and seven indus- 
trial organizations submitted their re- 
ports and recommendations to the Gal- 
braith Committee. Supporting these de- 
sign studies, an exhibition was held by 
the Admiralty so that members of the 
Government and naval officers could 
have the opportunity of studying models, 
design details and test rigs and of dis- 
cussing the various features with mem- 
bers of the design teams. 

The eight reactor systems are of very 
varied types and they all possess differ- 
ent characteristics in terms of size, 
weight, capital and operating costs and 
other technical factors. Between them, 
they represent designs that have been 
built, adoption of existing designs and 
some that, as yet, have not been built 
at all. Gas cooling appears to be the 
preferred type—the AEA, de Havilland 
Engine Co. and the GEC Atomic Energy 
Group proposing various forms of this 
type. Next favourite was the boiling 
water type, designs for this coming from 
AEI/John Thompson Nuclear Engin- 
eering Co. and Mitchell Engineering 
Fairfield Shipbuilding & Engineering Co. 
\ pressurized water reactor system was 
put forward by Babcock & Wilcox and 
two new and interesting projects came 
from Vickers Nuclear Engineering Group 
and the Hawker Siddeley Nuclear Power 
Co.—a steam cooled heavy water pro- 
ject and an organic liquid moderated re- 
actor respectively. 


Difficulties of assessment 

Not all of these projects are equally 
advanced for early use and three of them 
rely on designs originally initiated in the 
United States. With all these variables no 
direct comparison can be made and the 
Galbraith committee is setting up a tech- 
nical sub-committee as early as prac- 
ticable to judge which system offers the 


best advantages, balanced against the 
time required to complete building. At 
the same time the Civil Lord’s (Gal- 
braith) committee will investigate means 
of finan the first ship and examine 
the cap ind operating costs. Parallel 
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with the work of these committees, the 
Ministry of Transport Committee on 
Marine Nuclear Safety will continue its 
review of the problems of safety in 
nuclear ships and the port installations 
they will visit when operating. These 
assessments are being treated with 
urgency but because of the scope of the 
investigations necessary, it is anticipated 
that it will be some two months before 
the Galbraith Committee will be in a 
position to recommend to the Govern- 
ment which proposal will be most suit- 
able to achieve the aim of an economic 
nuclear merchant ship. 


The Gas Cooled Types 

The AEA have not revealed details of 
their design but say that it -is similar to 
the Advanced Gas Cooled Reactor, 
AGR, at present being built at Wind- 
scale and doubtless advantage will be 
taken of the Dragon project at Winfrith 
Heath as well. For economic marine use 
it is anticipated that materials of con- 
struction and methods of control and 
fuelling will have to be extensively modi- 
fied. The de Havilland Nuclear Power 
Group have the same ideas as the AEA 
and have proposed a High Temperature 
Gas Cooled Reactor, HTGR, aimed at 
meeting both naval and mercantile marine 
requirements. Against lack of operating 
experience, the interest being shown in 
the US and West Germany, as well as 
this country, is put forward. 

The HTGR design is centred on the 
use of an all ceramic core permitting safe 
operation in excess of 1000°C. The fuel 
used is a mixture of uranium 235 and 
thorium in ceramic form bonded into 
graphite pellets, which in turn are con- 
tained in sealed impermeable graphite 
blocks. Helium, at 1000 1b/in.2 circulates 
through a large number of coolant holes 
in the core and transfers the heat to six 
boiler units, projecting above the reactor 
pressure vessel. The large temperature 
difference between fuel and _ steam, 
normal for naval machinery 850°F-600 
lb/in.2 results in a high core heating 
rate, small boiler size and low pump- 
ing power loss. Two reactors working 
together are envisaged, giving a gross 
thermal output of 150 MW and would 
weigh 2400 tons. The integration of 


sil an 
the boiler-circulator units with the pres- 
sure vessel results in a compact plant 
layout and enables a secondary contain- 
ment vessel to be fitted inside the main 
biological shield of laminated iron and 
water to reduce weight. The estimated 
cost for the first production unit, less 
core fuel blocks, is some £M1-4 for a 
150 MW _ output, being approximately 
£28 per s.h.p. Low fuel cost results from 
a low initial investment, 67 kg U-235, 
and the long core life, expected to be 
between 400 and 650 days at full power. 
De Havillands stress that this HTGR 
possesses a large development potential 
in that the reactor output can be doubled 
by increasing the pumping power, cir- 
cuit pressure and fuel temperature, The 
core life can be extended to something 
like 20 years by the substitution of 
beryllia for graphite as the moderator 
and the capital cost would be signi- 
ficantly reduced if gas turbine power 
plant was employed. No refuelling equip- 
ment has been included in the design 
or estimates for this design. 
In the General Electric Atomic Energy 
Group’s design stress was laid on effi- 





U/TH CARBIDE FUELLED. The de 
Havilland 75MW_ High Temperature 
Gas-cooled Reactor (HTGR) estimated 
to cost £28/s.h.p. including boilers. The 
main components are 

1. Boiler water inlet and steam outlet con- 
nexions; 2. Refuelling machine access; 3, Gas 
circulator; 4, Boiler; 5. Boiler inlet duct; 
6. Boiler outlet duct; 7. Core gas outlet duct; 
8. Core gas outlet chamber; 9. Core gas inlet 
chamber; 10. Core gas inlet duct; 11. Pressure 
vessel support skirt; 12. Support structure; 
13. Core; 14, Control rod; 15. Graphite reflec- 
tor; 16. Primary pressure vessel; 17. Secondary 
containment vessel; - Shielding water; 

19. Shielding plates 
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ciency for marine applications utilizing 
a well-tried gas-cooled graphite moder- 
ated reactor and may be likened to a 
compact Calder Hall reactor on its side. 
Ihe fuel elements are, however, of a new 
design, consisting of slightly enriched 
uranium dioxide canned in_ stainless 
steel. The reactor has a gross thermal 
output of 1SO0MW, producing about 
50 MW of electrical power and weighs 
only 2400 tons, including fuel charging 
equipment. An interesting feature of this 
proposal is that the CO, required, is 
generated from fuel oil. This, with the 
ability to refuel at sea, greatly increases 
the mobility of the vessel. 

As the GEC unit is based on current 
technology of British reactor systems, 
it could be rapidly put into operation 
without much additional development. 
rhe first reactor of this type is estimated 
to cost about £M3 and assuming that 
the reduction in fuel requirements would 
make some 5000 tons of additional carry- 
ing space available, the costs per ton 
mile carried would be comparable with 
those for conventional thermal plant. It 
is expected that, with advances in design, 
these costs can be still further cut. 

ST 
American BWR designs 
Both the Boiling Water Reactors, BWR, 
proposed are derived from American 
designs. The AEI-John Thompson 
Nuclear Energy Co, puts forward a 
natural circulation direct cycle BWR 
based on the United States General Elec- 
tric Co.’s experience. The reactor has a 
thermal power of some 160 MW, fuelled 
by zircaloy canned enriched uranium 
oxide and has an estimated endurance at 
full power without refuelling of 380 
days. A particular feature of this design 
is that the reactor pressure vessel is of 
the banded type. The primary circuit 
has a nominal pressure of 1000 Ib/in.2 
at 286°C producing in the secondary cir- 
cuit, at the steam drum outlet for propul- 
sion purposes, saturated steam at 1000 
Ib/in.2. Such a reactor would weigh only 


IMPROVED PWR. The Babcock & Wil- 
cox 180 MW pressurized water reactor 
is designed to give a power output 2} 
times greater than that for the NS 
‘Savannah,’ occupying only 20°, more 


space 











































HORIZONTAL CALDER. A longitudinal section through the improved version of 

the GEC Atomic Energy Group’s 150 MW marine reactor. The core is in the 

centre surrounded by the water biological shield. Control rods enter from the 

left and the fuelling machine is on the right; standpipes lead from it to the 

horizontal fuel channels in the core. At the top is one of the four steam-raising 
units, with its hot gas duct 


1600 tons complete and could be made 
ready for use in 24 years. On a basis of 
fuel cost per s.h.p., nuclear fuel is 
cheaper in that oil costs -384 pence per 
s.h.p. hour while nuclear fuel charges 
would only be -290 pence per s.h.p. hour. 
An advantage of this design is that it 
can utilize plutonium as and when the 
United Kingdom AEA _ make | this 
material available for commercial uses. 
The American BWR marine project was 
reviewed in detail in NUCLEAR POWER 
last month. 

For the first reactor of this type 
AEI/John Thompson propose that cer- 
tain core components would be pur- 
chased from the American GE but, sub- 
sequently, the entire unit would be con- 
structed in the UK. 

The other BWR proposal, by Mitchell 
Engineering Co. & Fairfield Shipbuilding 
Co. is based upon the American design 
of Combustion Engineering Inc. The 
reactor, fuelled by enriched uranium 
stainless steel clad, has a thermal output 
of 156 MW. The primary circuit works 
at 950 Ib/in.2 and 538°F, producing 
steam for the propelling machinery at 
650 Ib/in.2 at 496°F. The design of the 
reactor permits operation at 80% full 
power for a period of about 34 years. 
No attempt could be made, nor would it 
be necessary, to handle the fuel elements 
at sea but to obtain uniform burn-up, 
‘shuffling’ of the fuel elements should 
take place at 12 to 15 months intervals, 
during annual refit. Such a unit would be 
suitable for a 25,000 s.h.p. vessel and 
could be produced ready for sea trials 
in three years. 


Improved ‘ Savannah ’ 

Babcock & Wilcox Ltd have submitted 
plans for a pressurized water reactor, 
PWR, which is based upon the plant 


now being constructed by the Babcock 
& Wilcox Co. of America for the NS 
Savannah, but by intensive development 
the unit will have a power output 2} 
times greater with only a 20% increase 
in space occupied by the American pro- 
totype. Safety and reliability are the key- 
notes of the design and the reactor has 
a thermal output of 180 MW when using 
enriched uranium dioxide clad in either 
stainless steel or zirconium. The unit 
would weigh approximately 3000 tons and 
could be made ready for sea, from plant 
wholly manufactured in the UK and with 
a guaranteed output, in 24 years. Depend- 
ing on the type of fuel element employed 
and the source from which it is obtained. 
the cost of fuel would be between :3 
pence and -6 pence per s.h.p./hour 


Steam-cooled concept 

To provide a_ purely marine plant. 
Vickers Nuclear Engineering Ltd have 
proposed a unique design. The reactor, 
of 150 MW, is heavy water moderated 
steam cooled and fuelled by low enriched 
uranium oxide canned in stainless steel. 
The project, directed by Dr. S. G. Bauer, 
incorporates thermo-compression of the 
dry steam for cooling; this method uti- 
lizes only 10% of the energy required 
by equivalent mechanical compressors 
Control is by level changes of the heavy 
water moderator and there are no mov- 
ing parts in the reactor core. The only 
moving parts outside the core but within 
the containment shell are canned heavy 
water circulating and control pumps. 
control and isolating valves and primary 
circuit feed pumps. All have been de- 
signed to fail safe without immediate 
external control action. Liquid control 
enables the reactor to operate without 
damage irrespective of the pitching and 
tossing of the vessel. An additional safety 
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factor is that the fuel cans are located 
in aluminium tubes placed inside stain- 
less steel tubes and between the two 
tubes there is a helium blanket. The 
reactor Output is at 600 Ib/in.2 and 
970°F providing steam at 420 Ib/in.? 
and 850 F giving 46-5 MW net thermal 
output. An interesting feature of the fuel 
charging machine is that it has been 
found practicable to employ a standard 
Vickers gun mounting and loading mech- 
anism and it was only necessary to 
change the materials of construction. 
With the exception of fuel element test- 
ing and critical assembly work, the 
Vickers Group can make the whole of 
this British design and through the em- 
ployment of existing technology, pro- 
longed development and testing will be 
unnecessary. The complete plant is esti- 
mated to weigh 2100 tons. The weight 
may be reduced and turbine efficiency 
raised at a later date by omitting the 
secondary steam circuit with its heat ex- 
changers, when open cycle operation is 
proved possible. 


British OMR design 

The Hawker Siddeley Nuclear Power Co. 
has proposed the only UK design for an 
organic moderated reactor. The reasons 
for the selection of this type is that it 
is essentially simple and comparatively 
small in size. These properties result in 
a system pressure of less than 100 1b/in.? 
and the utilization of mild steel in the 
construction of the reactor vessel and 
primary circuit. The liquid coolant, ter- 
phenyl, is non-corrosive and has a low 
vapour pressure. Enriched uranium diox- 
ide fuel elements canned in stainless steel 


MOVING PARTS ELIMINATED. In the 
core of the Vickers ISOMW heavy 
water-moderated steam-cooled reactor 
there are no moving parts. The core 
comprises of 

1. Connexion to header tank; 2. Fuel charge 
tubes; 3. Helium on D:O free surface in con- 
trol tubes; 4, Steam outlet; Aluminium 
calandria; 6. Water reflector; 7, Fuel element; 
8. Control D:O; 9. Aluminium diagrid; 10.Steam 
outlet; 11. DsO moderator cooling circuit; 
12. Control tubes; 13. Reflector cooling circuit 
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SIMPLICITY IS THE KEYNOTE FOR BRITISH OMR. Sectional model of Hawker 

Siddeley’s reactor which has a net thermal output of 56 MW. The construction is 

very largely of mild steel and the pressure is only 100 !b/in.* in the reactor vessel, 

making for low capital and running costs. The superheaters, evaporators, liquid 

level and drain tanks are located outside the shielding but within the main 
containment vessel 


are proposed. The reactor has a net 
thermal output of 56 MW, providing 
steam at 480]b/in.2 and 710°F, with an 
overall cycle efficiency of 24-8%. The 
plant, weighing about 1300 tons, would 


120\b/sec 
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superheater 465M 
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feed pump 





0-64MW 

THERMO - COMPRESSOR’ CIRCUIT. 

Vickers initial design—it is hoped that 

an open cycle operation may prove pos- 

sible when the secondary steam circuit 
will be eliminated 


cost approximately £890,000, The OMR 
of such an output and suitable for a 
40,000 ton tanker would have operating 
costs about 5° higher than those for a 
conventional unit. With development and 
plutonium enrichment, however, Hawker- 
Siddeley are of the opinion that the 
operating costs of such an OMR unit 
would be some 5% less than those of a 
comparable conventionally powered ship. 


The future 

The importance of these proposals and 
the responsibility of the Galbraith com- 
mittee cannot be over-estimated, The de- 
signs are all based on operating costs 
closely comparable to those experienced 
with conventional powered vessels of the 
same power but the decision will have 
to give a lead to a particular type of 
reactor and indicate whether it is con- 
sidered better to employ a purely British 
design or take advantage of American 
‘know-how.’ As R. A. Linden, technical 
director of Aktiebolaget Gétaverken, 


said at the recent Engineering & Marine 
Exhibition ‘once an economical marine 
nuclear power unit is built, there will be 
a landslide to this form of propulsion by 
the merchant navies, if only for prestige.’ 
A worthwhile solution would be to treat 
these proposals in two groups, one for 
immediate building and one for long- 
term development, and then select one 
design from each group and proceed 
immediately with the necessary work. 





Nuclear medicine centre planned 


The Royal Marsden Hospital at Sutton 
Downs, Surrey, is proceeding with its 
plans for the first UK establishment de- 
voted to the application of nuclear 
energy in medicine. The Ministry of 
Health has approved the project and 
building will begin as soon as Treasury 
approval has been given. The scheme is 
estimated to cost more than £M1, of 
which £600,000 has been allocated by the 
Ministry of Health and £200.000 from 
the hospital's endowment funds. The 
aims of this establishment will be two- 
fold; to provide a radiation treatment 
centre—and develop the medical study 
of isotopes and treatment of patients 
with radioactive isotopes. Eventually, it 
is anticipated, that courses in the prac- 
tical use of radioactivity in medicine will 
be run. 





Harwell visitors 


During his state visit, the Shah of Per- 
sia went to Harwell on May 7 when he 
was shown both the Dido and Zeta in- 
stallations. 

At the end of April, six Russian ex- 
perts on controlled fusion work spent 
three days at Harwell and visited the 
laboratories of Associated Electrical In- 
dustries at Aldermaston before taking 
part in the Thermonuclear symposium 
in London. 


91 





Worldview 


— INTERNATIONAL—— 
Greater freedom 


The agreement for cooperation between 
the United States and the United King- 
dom, which has been in force since 
August 4, 1958, has now been amended. 
This amendment enables additional ex- 
changes of equipment and materials to 
be made, broadens the scope of the co- 
operation and serves the common de- 
fence arrangements in which the two 
nations jointly participate. In this way, 
each nation will be able to supply the 
other with nuclear materials it is best 
placed to produce and will prevent un- 
necessary duplication of plant and effort. 


Closer cooperation 

Following the UK-Euratom agreement, 
signed February 4, a continuing com- 
mittee to supervise the operation of the 
agreement has now been set up. It will 
provide a forum for consultations and 
for discussions on the possibility of addi- 
tional arrangements for cooperation. It 
will consist of a UK Minister and the 
Chairman of the AEA and the Chair- 
man and another member of the Euratom 
Commission. The continuing committee 
will be assisted by a technical committee 
which will shortly hold its first meeting 


Far Eastern tour 


Headed by Dr. Harold Smith of IAEA’s 
Division of Isotopes, a mission left 
Vienna on May 16 for a tour of Taiwan, 
Japan, Korea, the Philippines and Viet- 
Nam. It will study and discuss further 
possibilities in atomic energy work, with 
special reference to the installation of 
reactors, availability of raw materials 
and problems of power generation. 


Missions to Latin America 


Two other IAEA missions will be sent 
to Argentina, Brazil and Venezuela dur- 
ing the second half of 1959. In Argen- 
tina the missions will advise on mining 
and processing uranium ores and the 
possibilities of economic nuclear power 
generation. Brazil is interested in receiv- 
ing advice on all aspects of their nuclear 
tnergy programme, with special refer- 
ence to power production. While in 
Venezuela, the mission will give parti- 
cular consideration to the development 
of programmes in connexion with the 
research reactor at present under con- 
struction (see Worldview, April 1959). 


Materials agreements signed 


On May 12, agreements of cooperation 
with the International Atomic Energy 
Agency by the United States, United 
Kingdom and the Soviet Union were 
signed in Vienna, These agreements im- 
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plement earlier promises of assistance 
and establish the terms of supply of 
fissionable materials in accordance with 
the laws of the individual countries and 
the statute of the Agency. 


Dragon Director named 

The European Nuclear Energy Agency’s 
Dragon project will be directed by C. A. 
Rennie of the AERE, Harwell. Chair- 
man of the board of management is Dr. 
Sigvard Eklund of Sweden and the chair- 
man of the general purpose committee is 
Dr. Jules Guéron, representing Euratom. 


Users and builders meet 


Euratom arranged, on May 8, a meeting 
in Brussels at which 30 producers of 
electricity and some S50 representatives 
of nuclear equipment manufacturers dis- 
cussed the implementation of the US- 
Euratom agreement. While the electricity 
authorities were interested in the pro- 
posals, they expressed concern that the 
type of reactors to be constructed under 





BELGIUM. Nuclear equipment is now 

becoming one of Belgian engineering 

activities and this stainless steel reactor 

vessel base, fabricated by Ateliers de 

Construction de la Meuse, shows the 
high standard being achieved 


the programme ran the risk of being 
made obsolete by the rapidity of new 
technical advances. The constructors, on 
the other hand, indicated their confidence 
in the types which they considered well 
tried. The Commission stated that, in 
its opinion, 150MW capacity nuclear 
power stations offered the best possibi- 
lities for industrial experimentation. In 
view of the opinions expressed, Euratom 
agreed to investigate the possibilities of 
making the agreement more elastic. 


Cook speaks at Stresa 


An absorbing interest in nuclear energy 
and a determination to bring about the 
practical realization characterized the 
spirit of the European Nuclear Energy 
Agency’s Industrial Conference’ on 
Nuclear Energy held at Stresa, Italy, 
from May 11 to 14. Over 500 delegates 
from the US and most of the European 
countries attended the Conference, which 
was the third of its kind organized by 


the OEEC—previous ones being at Paris 
and Amsterdam. 

Representatives of all the British 
nuclear groups were present and several 
of the papers were presented by them, 
Sir William Cook, AEA member for 
Engineering & Production, spoke on the 
opening day, and disclosed that Calder 
Hall has now produced over a thousand 
million units of electricity. He placed 
high hopes in the AGR and mentioned a 
figure of 10,000 MWd/t for stainless steel 
clad elements. On beryllium canning he 
would not commit himself. 


Material transfer 


With the IAEA acting as intermediary, 
the Institute of Nuclear Physics in 
Prague has agreed to supply a quantity 
of irradiated uranium oxide, free of 
charge, to First Chemical Institute of the 
University of Vienna, This material is 
required for a research project on the 
factors controlling the distribution of 
fission products in the biosphere and is 
being carried out by Dr. Thomas Schoen- 
feld of the Radio-Chemistry Depart- 
ment. 


CENTRAL AMERICA—— 
Puerto Rico gets first reactor 

The first atomic reactor to operate in 
Central America was shipped on April 
30 to Mayaguez, Puerto Rico, by 
Atomics International. This 10 W, solu- 
tion-type laboratory reactor scheduled to 
start operations this summer, will be run 
by the University of Puerto Rico for the 
United States AEC and will be used 
for training and research purposes. 


FRANCE 
First feed-in 


On April 22 the electrical output from 
the G2 reactor at Marcoule was, for the 
first time, fed into the French National 
Grid, This reactor was operating at a 
thermal power of 130 MW and produced 
9MW of electrical output. In subse- 
quent days the thermal power of the 
reactor was progressively increased until 
achieving the full designed power output 
of 30 MW. This is the first nuclear power 
plant in Western Europe to supply elec- 
tricity for consumer purpose. 


iTALY—— 
SELNI-Westinghouse agree 


On April 16 Societa Elettronucleare 
Italiana (SELNI) issued a contract to 
Westinghouse Electric International Com- 
pany for a pressurized water reactor. It 
will be installed in the Italian company’s 
Enrico Fermi nuclear power project in 
Northern Italy and is scheduled to begin 
operations in the spring of 1963. During 
the protracted negotiations solving both 
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commercial and technical problems, the 
power ol the plant has been increased 
from 134 MW to 160 MW and it is ex- 
pected that this project will prove to be 
the most economical in initial cost and 
operation of any plant of this type so far 
developed. This PWR, using enriched 
uranium, will operate as a ‘ base load’ 
plant for Edison Group’s power net- 
work and bring the total nuclear power 
output in Italy up to 510 MW, by early 
1963 


Navy’s nuclear centre 

Negotiations are now in hand between 
the Italian Navy and the American 
Machine & Foundry Company for a 
3MW swimming pool-type of research 
and training reactor. This unit, operat- 
ing on enriched uranium, is to be in- 
stalled near Leghorn at the Navy’s Centre 
for the military application of nuclear 
energy. 


—— SOUTH AFRICA——— 


UK export possibilities 

Electricity production costs in the Cape 
Province are now higher than those for 
Calder Hall and providing British manu- 
facturers can offer 30-60 MW _ nuclear 
power stations, Mr. A. J. Stroud, former 
UK Trade Commissioner in Johannes- 
burg, said there would undoubtedly be a 
market for them. While Dr. A. J. Roux, 
vice-president of the South African 
Council for Scientific & Industrial Re- 
search and director of the Council’s 
atomic energy research programme, is not 
sO optimistic, he is of the opinion that 
South African industry cannot afford to 
wait before adapting itself for nuclear 
work. The engineering industry should 
be aided in its preparations to make 
nuclear power equipment. 


——UNITED STATES 


SS-clad fuels tested 

During May an extensive gas-cooled 
loop system was put into operation by 
US General Electric in its 30 MW GETR 
reactor which recently reached its full 
power capacity. This equipment is being 
used to determine the behaviour of 
stainless steel clad uranium dioxide fuels 
under gas-cooled reactor conditions. 
Helium-filled loops will be employed and 
GE have manufactured many of the fuel 
assemblies to be irradiated and will be 
responsible for carrying out post-irradi- 
ation examinations. 


AEC to have dual-purpose reactor 
At an estimated cost of $M145 AEC 


issued contracts for the New Production 
Reactor at Hanford Works, Richland. 
Washington. This graphite-moderated re- 
actor 1s to be used for the production of 
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CANADA. As announced in Worldview last month, a new low-power (100 watts 
thermal) reactor, ZED-2, is to be built at Chalk River. Construction will be 


carried out by Foster Wheeler Ltd. Essential components are 
1. Top rolling shield; 2. Reactor lid; 3. Removable top shielding; 4. Neutron shielding; 5. Top 


shielding support beams; 6. Header room; 7. 


Fuel rod support lattice; 8, Lattice support; 


9. Graphite reflector; 10. Calandria: 11. Control ring; 12. Control ring drive mechanism; 


13. Concrete rolling doors; 14. D2O Fast dump pipes; 15. DO 
© Dump tanks; 19. DsO Pumps; 20. DeO Calandria 


bottom reflector; 17. Reflector dolly; 18. Dz 


Fast dump valves; 16. Removable 


supply pipe; 21. Instrument still well; 22. Freezer-drier supply duct; 23. Freezer-drier return 


duct; 24. Hydraulic hoist for removable reflector; 


25. Freezer-drier fan; 26. Freezer-drier primary 


heater; 27. Freezer-drier cooling circuit duct; 28, Cooling coil ‘A’ (Water 70°F); 29. Cooling 


coil ‘B’ (Freon 40°F); 30. Cooling coil ‘C’ 


( Freon 30°F); 31. Refrigeration condenser 


32. Fuel rod storage rack; 33, Fuel rods; 34. Control console; 35. 12-ton bridge crane; 36. Location 


for rod pickling, washing and drying tanks; 


37. Location for DeO condensate recovery tanks, 


and 38. Dump tank air vent line 





plutonium and special nuclear materials 
and a feature of its design is that it will 
be capable of conversion, if later re- 
quired, to permit power take-off, The re- 
actor design engineering is being car- 
ried out by the US General Electric and 
Kaiser Engineers of Oakland will be 
the principal constructors. It is envisaged 
that AEC would be able to sell its ele- 
tricity output at 3-5 mills a_ kilowatt 
hour and at the same time produce plu- 
tonium at lower price than the present 
$30 per gram. Construction of the plant 
is anticipated to take some four years. 


Food irradiation proposals 

Atomics International have proposed a 
design modification to the AEC of part 
of the Sodium Graphite Reacter being 
built at Hallam, Neb. By piping radio- 
active sodium, to provide source material. 
food irradiation could be carried out. 
The proposed facility would be equipped 
to process a wide variety of foods and 
would have an estimated capacity of 
520 tons per day to provide limited pre- 
servation. 


Radioisotope symposium 

The AEC, in cooperation with Georgia 
Institute of Technology and Lockheed 
Aircraft Corporation, sponsored a two- 
day symposium on the Industrial Uses 
of Radioisotopes at Atlanta on May 11 
and 12. This follows AEC’s preliminary 
report on isotope applications which in- 
dicated that the US petroleum industry 
obtains most benefits, followed closely 
by the chemical and allied products in- 
dustry. Feasibility of high radiation 
applications on a commercial scale, how- 
ever, is still largely unrealized due, to a 
big extent, to the lack of suitable mech- 


anisms for determining radiation changes 
in materials. 


Tritium for civilian applications 
AEC have now made 1Mcuries of 
tritium gas, at $2 per curie, available for 
industrial purposes and the Commission 
will consider supplying additional quan- 
tities on a continuing basis if required, 
until private sources of supply become 
available. The absence of penetrating 
radiation from tritium, the only radio- 
active isotope of hydrogen, is an impor- 
tant safety factor and this material is 
now being used in various marine and 
aerodrome markers and as lum nous in- 
strument dials. 


2-mile linac proposed 

The United States President’s science 
advisory committee has recommended 
that a new large electron linear accelera- 
tor is built. The project has been pro- 
posed by Standford University—it will 
be two miles long costing some $M100 
and, it is anticipated. will take six years 
to build. 


——— UZBEKISTAN——————— 


Nuclear research starts 

At the recent annual meeting of the 
Uzbek Academy, it was announced that 
the Tashkent Institute of Nuclear Phy- 
sics would soon be operating a reac- 
tor, a cyclotron and accelerators. To 
carry Out a comprehensive research pro- 
gramme over the next seven years, the 
Academy’s scientific staff is to be 
doubled and will eventually total 7500. 
Preparations have also begun on the 
establishing of a branch of the Academy 
in the Kara-kalpak Autonomous Repub- 
lic, which is part of Uzbekistan. 
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Temperature effects and the presence of 
Xe-135 may lead to instabilities in a power 
reactor, which have a strong influence on 


the design of a suitable control system 


Controlling instabilities 
in graphite power reactors 


HE PRINCIPAL REQUIREMENTS of a control 
fons of any power reactor are that it should be 
capable of ensuring the safety of the reactor and of 
bringing the reactor up to and maintaining the de- 
manded power level. The safety and integrity of a 
reactor may always be ensured by having at all times 
sufficient negative reactivity available to shut the reac- 
tor down in a time small compared with the time scale 
of any possible reactor excursion. For power control 
purposes the design of a control system is strongly 
influenced by the dynamic response of the reactor to 
reactivity changes, and in order to design an adequate 
control system it is important to know just how a reac- 
tor will behave in a wide range of possible circum- 
stances. 


The changes that occur in a reactor, in the absence 
of controlling mechanisms, when it is disturbed from its 
normal steady state operating condition may take one 
of several forms, depending on the characteristics of 
the reactor and the nature of the disturbance, Thus, 
for example, the reactor neutron flux pattern may 
simply adopt a new equilibrium configuration, or it may 
oscillate or diverge, i.e. the disturbance will grow. For 
a reactor which diverges, the steady state is said to be 
unstable, and since perturbations are always present 
in a reactor system, an unstable reactor would diverge 
if not controlled. As we shall see, large graphite power 
‘reactors of the type currently being built for the UK 
Electricity Generating Boards fall into this category. 


It is particularly useful to know the time scales on 
which changes in a reactor will take place. Thus, if a 
reactor diverges when disturbed from its steady state 
in the absence of control, it is of considerable value to 
know whether the doubling time of the excursion is of 
the order of a few minutes or several hours. Similarly, 
the nature of the control system and associated detec- 
tion instrumentation will be influenced by any spatial 
peculiarities which may arise in the reactor’s dynami- 
cal behaviour. 
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by J. G. TYROR, M.Sc. 
Reactor Division, A.E.R.E., Harwell 


In this connexion it is possible to distinguish two 
types of instability: 

1. A fundamental instability in which, if unchecked, 
the neutron flux, and hence power density, throughout 
the reactor would rise or fall in a uniform manner. This 
type of instability can be countered by adjusting the 
control anywhere in the reactor. 

2. A spatial instability in which the size and magnitude 
of the divergence would be a function of position in the 
reactor. Thus, for example, the neutron flux might rise 
in one half and fall in the other half of the reactor. In 
this case it would be desirable to have a control system 
capable of adding or removing absorber at particular 
points. Uniform control would be inadequate since this 
would lead to local overheating even if the total power 
output were kept constant. 

The basis of controlling the total power output has 
long been appreciated but the requirements for control 
of the actual flux shape in the reactor core have only 
become clear relatively recently (/, 2, 3). 

In graphite-moderated, natural uranium power reac- 
tors there are two principal potential sources of instabi- 
lity. The first is the interaction between the tempera- 
ture of various materials and pile reactivity. This effect 
is usually considered in terms of a temperature coeffi- 
cient of reactivity, «, for the particular material. For 
positive values of a, an increase in material tempera- 
ture results in an increase in pile reactivity which in 
turn leads to a further increase in temperature. On the 
other hand, a negative temperature coefficient is indica- 
tive of a stabilizing influence. 

The presence of delayed fission product poisons is 
the other source of instability. The particular poison 
of interest is Xe-135, which combines a high yield with 
an enormous absorption cross-section for thermal neu- 
trons. 


Physical time constants 


Before investigating these sources of instability in de- 
tail, it is instructive to consider the time scales on which 
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they may be expected to act. The basic time constant 
of the neutron flux distribution is associated with the 
mean neutron lifetime. For a graphite reactor this is 
about 70 ms. The time constants for temperature 
changes are on the whole much longer. The time con- 
stant for heat transfer from the uranium fuel is of the 
order of a few seconds, whilst for the graphite moder- 
ator the comparable figure, on account of the large 
thermal capacity, is many minutes. For the Xe-135 dis- 
tribution the characteristic time is measured in hours, 
being associated with the decay constants of Xe and 
its precursor I-135. 
Fission — I-135 — Xe-135 — Cs-135 


l ] 
2 min . 67h 92h 


i | a 

Events connected with the burnup of fuel are essen- 
tially long-term reactivity effects and have time con- 
stants so much greater than those discussed above that 
they can safely be ignored for day to day kinetic con- 
siderations. 

In a power reactor, the steady state condition may be 
envisaged as being one of delicate balance between the 
various interacting quantities, such as neutron flux and 
xenon concentration. To obtain an accurate picture of 
reactor behaviour following a disturbance it is neces- 
sary to consider all these effects in some detail. 


Temperature effects 
In general we may write the effect of temperature 
change on reactivity in the form 


ks = keo* + 2 aT? 


i 
where koo is the usual reproduction constant and 7; is 
the temperature of the ith reactor material. Here and 
throughout, an asterisk denotes a steady state value and 
a prime denotes a departure from steady state. In the 
Calder Hall type reactors, only the uranium fuel and 
graphite moderator are associated with significant tem- 
perature coefficients. The fuel coefficient «a, is due to 
the Doppler broadening of U-238 resonance absorption 
and has a value of about -2.10°/°C. The moderator 
coefficient a, is very sensitive to the amount of Pu pre- 
sent in the fuel and, although negative at zero irradia- 
tion, is positive at high irradiations and may reach a 
value of +15.10-°/°C (4). The net temperature effect 
in this case would thus be destabilizing as soon as the 
deviation of graphite temperature from the steady state 
exceeded 2/15 of the fuel temperature deviation. 
Initial temperature deviations will depend upon the 
nature of the disturbance, but in view of the relative 
promptness of the negative fuel effect it may be antici- 
pated that for the first minute or so the response is 
stabilizing. After several minutes, when the moderator 
temperature is also affected, the temperature distri- 
butions may be pictured as passing through a series of 
quasi-steady states and the temperature deviations for 
the instabilities of most interest (see section on instabi- 
lity criterion) will be proportional to the steady state 
temperatures relative to coolant inlet temperature. These 
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quantities 7* depend upon the heat removal from the 
core. For large values of 7*, heat removal is inefficient 
and changes in neutron flux have appreciable effect on 
the material temperature. The question of whether the 
temperature effects are stabilizing or destabilizing thus 
depends upon the sign of the quantity 
Akp = aul y* + aT 5* 

where 7,,* and 7,* are measured above coolant inlet 
temperature and are suitably averaged over the reactor 
core. 

The temperature effect upon stability is clearly likely 
to be most marked in systems with poor heat removal 
characteristics (large 7*) and large temperature coeffi- 
cients. In the current gas-cooled graphite reactors the 
amount of reactivity held in the temperature distribu- 
tion may reach values of the order of Ak, = +15.10% 
at high irradiations. 


Xenon effect 


In a steady state reactor the distribution of Xe-135 
assumes an equilibrium value where the rate of forma- 
tion of the poison by the decay of I-135, with a delay 
of several hours, just compensates the loss of Xe-135 
by decay and neutron absorption. The interdependence 
of the Xe-135 and neutron flux distributions in the 
equilibrium state leads to a destabilizing effect. For 
if, for some reason, the flux in a region of the reactor 
were to be increased slightly, this would lead to an in- 
crease in the rate of destruction of Xe-135. Due to the 
hold up in the iodine there would be no immediate 
compensating increase in the production rate of Xe-135. 
The net effect would be for the Xe-135 abundance in 
the region considered to decrease. Thus, since fewer 
poisonous absorptions could then take place, the neu- 
tron flux would increase still further. 

Eventually, however, the increase in the production 
rate of Xe-135 would become effective. Provided that 
the initial departure from the steady state were not too 
severe, the production rate could, in fact, catch up with 
the rate of destruction of Xe-135. The motion would 
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then be reversed. In these circumstances the behaviour 
is of an oscillatory nature. For reactors in which the 
xenon destabilizing effect is large the production rate 
can never catch up with the rate of destruction of 
Xe-135. In this case the departure from steady state is 
in a straightforward exponential manner. 

The actual magnitude of the xenon effect (Akx) 
clearly depends upon the reactivity held by xenon in 
the steady state (Ak,). This may amount to nearly 
20.10-* in the Calder type reactors. 


Instability criterion 


In order to decide whether a given reactor steady state 
is stable or not let us consider the introduction of an 
excess number of neutrons into a particular region of 
the reactor. If the net effect is for the neutron density 
(or flux) to increase, the steady state is unstable. 

As we have seen, the effects on the xenon and tem- 
perature distributions are destabilizing, at least for large 
ay. In considering the possible fates of the excess neu- 
trons, however, it is clear that some will leak from the 
particular region affected and tend to reduce the density 
there. There is thus an important stabilizing factor pre- 
sent in the neutron diffusion process itself. It also fol- 
lows that the effect is large when the regions involved 
are small, for then the flux gradients introduced, for a 
given excess of neutrons, are large. We may picture 
this essentially geometrical effect as introducing a nega- 
tive reactivity change, A kp. The value of this term will 
depend upon the size of the region affected and the 
ability of neutrons to diffuse from it. In fact it may be 
shown that Ak, is proportional to the square of the 


im Critical values of 
moderator tempera- 
ture coefficient for 
instability. Here M* 
Ro? = 1-7.10°3, peak 


rating 4 MW/ 
i tonne, at.” 
5.103, T,*=150°C 
(Fig. 2) 





" neutron migration length, M, measured in units of a 
characteristic reactor dimension. Thus for a given reac- 
tor material the stabilizing term is largest for physically 
small systems. 

The question of overall reactor stability then hinges 
on the three-cornered competition for the excess neutrons 
from absorption in xenon, diffusion, and absorption in 
fissionable material to produce temperature change, i.e. 
in the sign of 

Ak = Akxy + Akp + Akt 
For Ak = 0 the reactor is said to be on the threshold 
of instability. 
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The value of the xenon term depends upon the rate 
at which xenon can be removed from the core. In fact 
it may be shown that as far as determining the stability 
threshold is concerned 
$*ox 

- A+Az+¢*ox 

where ¢* cx is the forced decay constant of Xe-1°5 by 
neutron absorption. The term /Aky is always positive 
(and destabilizing), increases with increasing power rat- 
ing and for natural uranium reactors saturates for very 
high fluxes at a value of about +32.10-*. For graphite 
power reactors with a peak rating of 4 MW/tonne the 
appropriate value is Aky = +5.10°. 

In order to obtain values for the diffusion term, 
Akp, it is useful to consider the harmonic analysis of 
flux perturbations. Now the spatial dependence of the 
steady state neutron flux in a large graphite reactor 
satisfies, to a good degree of approximation, an equa- 
tion of the form 

(V2? + BY) f=0 
This is an eigenvalue equation for which there are a 
set of functions f ,, , with appropriate B,,2, each of which 
satisfies the equation together with the appropriate 
boundary conditions (e.g. f—->0 at a given distance 
beyond core boundary). The steady state flux is pro- 
portional to f,, the corresponding B ,” being the smallest 
of the eigenvalues. The higher harmonics are not pre- 
sent at equilibrium, but in general any perturbation to 
the steady state flux is expressible in terms of these 
eigenfunctions f,,,. For a uniform bare cylindrical core 


fa 

f,, = fu, = In ( jm 5 )eos n 6 sin Inz 

: Ro 0 
where k,/ and n take integer values, r, 9, z are the usual 
cylindrical coordinates, R, and L, are the extrapolated 
core radius and height and j, is the kth zero of the 
Bessel Function J,,. Fine structure and reflector effects 

are neglected. The fundamental mode is given by 


r TZ 
fo = fro = J ( - ) sin - 
0 0 Ro ‘. 


The higher modes can be conveniently divided into those 
with / = 1 (radial and azimuthal modes) and those with 
| > 2 (axial modes). In particular, the mode f, = fi: 
is frequently referred to as the first azimuthal mode. 
On account of the cos @ term it is clearly positive on one 
side of a diametral plane and negative on the other. 
Similarly the second azimuthal mode f . = f,,2 has two 
nodal diametral planes. The first purely radial mode 
f; =f.) has differing signs within and without a region 
of fixed radius. In the CEGB-type reactors, with their 
flattened central zone, the harmonics are basically sim- 
ilar. The radial and azimuthal dependence of the f., 
f,,f. and f, modes is illustrated in Figure 1 for the 
particular case in which the radius of the flattened 
region is half the total core radius. For larger values 
of k, 1, n, the modes are rapidly varying functions which 
change sign over small regions of the core. As indicated 
earlier, perturbations of this type are associated with 
strong stabilizing characteristics. The excess neutron dif- 
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fusion introduced by the f,, mode is proportional to 
(B,,2-B.°) and the reactivity held in the actual shape of 
the mode is given by 

kp = - M*(B,,?-B,’) 

In particular, for perturbations entering through the 
fundamental mode (m = 0), there is no change in the 
basic flux distribution and hence no stabilizing diffusion 
term. Values of Ak, for other modes of interest are 
given in Table I for the case where M*/R,* = 1°7.10° 
TABLE 1 Values of Akp 





MODE f; f f : 
Unflattened core 15.10-3 35.10-3 42.10-8 
Flattened core 10.10-* 27.10-% 41.10-3 

(R,/R 0-5) 


It will be noted that the modes have been labelled in 
order of increasing /\k, and that one effect of flattening 
the steady state distribution is to reduce the value of the 
stabilizing diffusion term. 

It is convenient to express the instability criterion in 
terms of a condition on the moderator temperature co- 
efficient «,, i.e. ag > ag. for instability. 

Values of ay, are given in Figure 2 for a graphite power 
reactor broadly similar to the type currently being 
built for the CEGB and SSEB. As irradiation (and ay) 
increases, instability first enters through the fundamen- 
tal mode. With increasing irradiation, instability enters 
through other (spatial) forms—firstly through the first 
azimuthal mode, then through the second azimuthal 
mode and so on. Bearing in mind that a value of a, = 
+15.10°°/°C may be reached at high irradiations, the 
steady state distribution would then be unstable to per- 
turbations of both fundamental and higher harmonic 
form. 

It may be anticipated that the doubling time associ- 
ated with the fundamental mode instability would be 
less than the corresponding time constants of the spatial 
instabilities. Following a perturbation to an uncontrolled 
reactor, the fundamental mode instability would there- 
fore predominate. If this mode were perfectly con- 
trolled, the reactor instability would be dominated by 
the first azimuthal mode and its associated time con- 
stant. This state of affairs might arise, for example, in 
a reactor in which the control of total power output was 
perfect, but the output from individual regions of the 
reactor fluctuated. 

Thus in designing a control system for an unstable 
reactor it is necessary to bear in mind all the possible 
modes of instability in order to ensure continuous satis- 
factory operation. 


Time constants of instability 


Estimates of the time constants associated with the 
various reactor flux modes may be obtained by a simple 
perturbation method (2). The deviation in the neutron 
flux from its steady state value is written in the form 

ig . Ae*t 
and a simple algebraic equation h,,() = 0 obtained for 
each » associated with the f, mode. Clearly the o of 
interest is that with greatest real part (o = om™*). Other 
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Unstable time constants for first azimuthal mode. M?/R,? = 
1:7.10°, Ri/R.y = 0-5, peak rating =4MW/tonne (Fig. 3) 
solutions contribute to initial transient effects following 

the perturbation. 

For the fundamental (m = 0) mode values of 1/#™* 
(in seconds) are given in Table 2 for the particular case 
where the stabilizing fuel temperature effect is prompt 
and the moderator effect has a delay constant of 10 
minutes. 


TABLE 2 Fundamental mode time constants 





aTo* 10.103 20.10-2 50.10-3 100.1073 
aT u* §.10-3 610 210 78 42 
a,T.* = 0 _67 47 29 _ 20° 


The effect of the prompt stabilizing effect is seen to be 
marked. For a graphite power reactor, values of a,7,* = 
20.10 and a,7,* = -—5.10° would not be unreason- 
able, so that perturbation doubling times of the order 
of two or three minutes may be expected. In view of 
this short time, the change in the xenon concentration 
is small and the effect is not important. It should be 
emphasized that the doubling time is for the perturba- 
tion itself and not for the actual flux level and applies 
at a time sufficiently long after a disturbance so that 
transient effects, associated with lower values of o, are 
insignificant. Thus, if in an uncontrolled reactor operat- 
ing at a steady power of 500 MW, the power increased 
to 501 MW, it would increase to 502 MW in a time 
of the order of two or three minutes, and so on. 

For higher harmonics, e.g. the f, mode, the steady 
state is not so far over the instability threshold and the 
value of 1/™** is consequently larger. The correspond- 
ing importance of xenon introduces the possibility of the 
characteristic oscillatory behaviour so that in general 
we write the dominating time behaviour in the form 

d * = B expo," COS ymt 
Values of 1/o,”* and the oscillation period 27/y, are 
plotted in Figure 3 for a particular case in which the 
fuel effect again is prompt and the moderator has a 10 
minute time constant. In this example the reactor is 
unstable to a perturbation in the first azimuthal mode 
when 

Akr > 3.10% 


continued on p. 124 
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Britain's first open conference on this subject, 


Status report 
on thermonuclear research 


ESEARCH INTO CONTROLLED FUSION is a 
R subject which looks a long way into the future. 
Apart from its promise of a new source of usable 
energy, the investigation of the behaviour of matter at 
very high temperatures has important applications in 
other subjects, such as astrophysics and space research. 
Although enthusiasm runs high in this new and rapidly 
expanding field, the problems to be faced should not 
be underestimated. When all the cards went on the 
table at Geneva, it was clear that the difficulties are 
only just being fully appreciated, and the attractive 
prospect of a deuterium-fuelled world may still be quite 
a long way off. 

At the end of last month, the Institution of Electri- 
cal Engineers organized a Convention on Thermo- 
nuclear Processes, the first open conference on the sub- 
ject to be held in this country, As was to be expected, 
the discussions were directed mainly towards the elec- 
trical aspects of fusion research, but review papers were 
given on the basic physics of hot plasma, and on the 
present state of research in Great Britain, USA and 
Russia. From these it was clear that there has been a 
marked change of emphasis since Geneva. Sir George 
Thomson, one of the originators of thermonuclear re- 
search in this country, said that he felt the ‘heroic 
era’ of CTR was now over; hitherto the approach had 
been to build machines which put a great deal of energy 
imo a small quantity of deuterium, and to see what 
happened; each stage of the work seems to have re- 
vealed as many problems as it has solved, and the 
feeling is now that the next step must be to consolidate 
our knowledge and understand what is going on in 
present experimental devices before we can contemplate 
building a thermonuclear reactor. 

The basic aims of thermonuclear research have been 
frequently described. A plasma of deuterium, or deu- 
terium-tritium mixture, must be raised to a temperature 
at which the nuclear fusion reactions release more 
energy than is needed to maintain the temperature of 
the fuel, and the plasma must then be held at suffi- 
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held in London last month, showed that there has 


been a marked change of emphasis since Geneva 











Zeta’s original aluminium liner has been replaced 
by this 0-015 in. stainless steel bellows, whi 
completely shields the torus from the discharze 
(Fig. 1) 


by A. E. ROBSON, M.A., D.Phi! 
C.T.R. Division, Harwell 


cient density and for long enough to pay back the 
energy used in heating the fuel charge. This, the so- 
called break-even point, requires a temperature of at 
least 40 million degrees for a D-T mixture, and an 
appreciably higher temperature for pure deuterium. 
Furthermore it is essential that heat losses from the 
plasma be reduced to the bare minimum, that is, that 
conduction and convection losses shall be made less 
than the unavoidable radiation loss (Bremsstrahlung) 
from the plasma electrons. 


Containing the plasma 

Magnetic fields seem to offer the only practicable 
way of containing a hot plasma. Their effectiveness in 
confining single particles is well established; the par- 
ticles perform tight circular orbits about the lines of 
force, and can only move across the field as a result of 
mutual collisions, which at high temperatures should 
be sufficiently rare to keep the diffusion across the field 
tolerably small. A system of closed lines of force should 
therefore form an effective magnetic bottle in which 
plasma can be confined for long enough for many of 
the nuclei to react. This, at least, is the simple picture. 
When a large number of particles is confined in this 
way, several mechanisms arise through which the drift 
of particles across the field is drastically increased. The 
first of these to be encountered were the hydromagnetic 
instabilities, so called because their analysis involves 
regarding the plasma as an electrically conducting fluid 
in a magnetic field. More recently it has been realized 
that there may be also ‘electrostatic instabilities,’ or 
randomly fluctuating electric fields in an apparently 
stable plasma which can lead to enhanced diffusion 
across the magnetic field. To understand these instabi- 
lities is the most essential and immediate task in fusion 
research, since unless they can be overcome the heat 
loss from a magnetically confined plasma will be pro- 
hibitively high. In this connexion, an important para- 
meter is the ratio of the plasma pressure to the magne- 
tic field pressure, known as the £-value. In general, the 
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higher the 8-value, up to its maximum possible value 
of one, the more likely the plasma will be unstable. 
This is unfortunate, because to set up magnetic fields 
requires the expenditure of electrical energy and to 
make the most effective use of the field for confinement, 
the @-value should be as large as possible. 

Experiments in magnetic confinement of plasma are 
following three main lines: the pinched discharges, the 
stellarators and the mirror machines. In the last two the 
confining fields are produced by currents in external 
coils, while the pinch devices depend primarily on the 
field produced by a large current flowing through the 
plasma itself. The pinch has the advantage that the 
experimental arrangement is fairly simple, but since the 
current performs the dual function of heating and con- 
finement, the processes occurring in the plasma are 
closely interdependent and therefore difficult to inter- 
pret. 

In the simple pinch, the current channel contracts 
until the plasma pressure balances the magnetic pres- 
sure, so that 8 = 1 and violent instabilities are en- 
countered. These held up progress for a long time, but 
in defence of the pinch approach it should be pointed 
out that it has reached high 8-values from the begin- 
ning, whereas the other approaches in general work 
at much lower values of 8 and perhaps for this rea- 
son have not encountered such dire instability troubles. 
At least, not yet. 


Modifications to Zeta 

The UK thermonuclear programme has concentrated 
mainly on the pinch effect and much of the convention 
was concerned with Zeta. The Geneva paper on its 
design and performance was re-presented, and sup- 
porting papers on the detailed design of its transformer 
vacuum system and switchgear were given by represen- 
tatives of Metropolitan-Vickers, who built the machine. 
Much of this was however ancient history, and greater 
interest was attached to papers describing the modifica- 
tions to Zeta during 1958, and the engineering prob- 
lems which are anticipated in more advanced Zeta-type 
systems. 

The main modification to Zeta has been the -re- 
placement of the liner inside the torus. This liner is 
necessary to prevent electrical breakdown of the two 
main insulated gaps in the torus body, and originally 
consisted of a series of 48 water-cooled aluminium sec- 
tions, overlapping and insulated from each other. It 
turned out in practice that aluminium was not a very 
suitable material and was badly damaged by the dis- 
charge; the plasma was heavily contaminated and fre- 
quent short-circuits occurred between the liner sections 
which meant that the liner system had to be completely 
dismantled for overhaul. Work carried out on the be- 
haviour of materials when bombarded by plasma 
showed that stainless steel was the best choice of the 
more common materials, and the new liner system con- 
sists of a continuous stainless steel bellows, 0:015 in. 
thick, which completely shields the torus from the dis- 
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charge (Figure 1). It forms an electrical closed circuit, 
but its resistance is sufficiently high to limit the current 
in it to about 100kA compared to the inductively- 
limited 300 kA in the plasma. 

The other significant modification has been to trans- 
fer the primary winding from its former position on the 
iron core of the transformer to the outside of the torus; 
this improves the coupling between the primary and 
secondary circuits. The modified Zeta, now known as 
Zeta 1A, has so far proved more reliable than the 
aluminium-linered Zeta 1, but no remarkable new re- 
sults have been obtained from it. The emphasis has 
been to put the machine on a reliably-engineered basis, 
so that consistent measurements can be made on a 
somewhat cleaner plasma. 

Results were also described from the smaller toroidal 
discharge machine, Sceptre III, at the AEI Research 
Laboratory. This has also undergone modification since 
Geneva, mainly to increase the stabilizing magnetic 
field and to provide improved facilities for making 
measurements on the discharge. 

The results which have been obtained with Zeta, 
Sceptre and the much smaller Perhapsatron $4 at Los 
Alamos, are basically similar if suitable scaling laws 
are applied to correct for their widely different sizes. 
The advantage of larger machines is in their longer 
time scale, milliseconds instead of microseconds, which 
makes measurements on them easier, and also in the 
reduced heat-loading on the walls, which simplifies the 
materials problem. Against this must be set the prac- 
tical disadvantage that it takes longer for modifications 
to be made on a large machine. 


Stabilizing the pinch 

The first step towards stabilizing the wriggling 
pinched discharge was the application of an axial mag- 
netic field; this appears to stabilize the current chan- 
nel against the worst types of instability, but smaller- 
scale fluctuations remain. The measured ion tempera- 
tures are of the order 5.10° °K, while the electron tem- 
peratures are of the order 5.10° °K, a discrepancy for 
which a variety of explanations has been offered but 
which has not been quantitatively explained. In view 
of the enormous power instantaneously being supplied 
to a very small mass of gas (the peak power in the 
Perhapsatron is about 900 MW) the plasma tempera- 
ture is disappointingly low, which shows that heat 
losses are occurring which are much greater than ex- 
pected on the basis of the diffusion of a quiescent 
plasma across the magnetic field. These losses may be 
due to intense radiation from the impurities in the 
plasma, but a more likely cause seems to be hydromag- 
netic or electrostatic instabilities of a somewhat more 
subtle nature than the gross wriggling of the early 
pinched discharges. 

Theories of stability have always kept one step ahead 
of their experimental verification, but on the currently- 
accepted theory the discharges in Zeta and Sceptre 
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would not be completely stable. To produce a com- 
pletely stable pinch would seem to call for a rigorous 
configuration of currents and magnetic fields. The cur- 
rent must flow in a hollow cylinder which encloses an 
axial magnetic field; outside the current channel there 
should be an azimuthal component of magnetic field 
due to the current, and also an external axial field com- 
ponent in the opposite direction to the internal axial 
field. 

To set up such a configuration in practice calls for 
a great deal of experimental ingenuity, since it involves 
the rapid switching of currents from thousands to hun- 
dreds of thousands of amperes. The best method seems 
to be to apply first an axial field to the discharge tube, 
and then to establish the main current very rapidly 
(Figure 2). By the familiar ‘skin effect’ the current 
begins to flow in a sheath close to the wall, which then 
contracts towards the axis, compressing the axial field 
inside it. The external axial field can then be reversed 
by changing the direction of the current in the stabiliz- 
ing field coils. 

The possibility of separating magnetic fields in this 
way depends on the plasma having a high electrical 
conductivity; this increases with temperature and at 
10° °K would be ten times that of pure copper, so that 
most stability theories in fact regard the plasma as a 
superconductor. In practice the finite conductivity 
means that the initial configuration cannot be held 
indefinitely, because the fields will diffuse through the 
plasma shell and the stability criteria will be violated. 
It seems therefore that in order to produce a stable 
configuration the electron temperature must be very 
high, but in order to achieve the high electron tempera- 
ture we need to have a stable discharge. This is a vicious 
circle; it has been suggested that a ‘temperature 
barrier” exists at about one million degrees, which like 
other natural ‘barriers’ may be very hard to get 
through but promises much easier conditions once it 
has been overcome. 

Conditions which fully satisfy the present stability 
theories have not yet been set up in practice, and one 
important objective of fusion research is the experi- 
mental verification of the theories. If they are in fact 
correct, then it seems that a pinched discharge of 
several million amperes should reach the break-even 
point in D-T mixture; such a discharge should not be 
impossible to set up, but experience has shown that the 
conditions in experimental devices usually turn out to 


Configuration of current and magnetic fields in a theoreti- 
cally stable pinched discharge (Fig. 2) 
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be far more complicated than the theories assume. so 
optimism should be restrained until the experiment has 
actually been performed. 


The Convention included papers on the technical 
problems of producing high-current discharges and their 
associated stabilizing magnetic fields. To achieve the 
required high instantaneous power input, pulse tech- 
niques are invariably necessary in which energy is 
rapidly transferred from an energy store into th 
apparatus. The energy store can be a condenser bank, 
an inductance, a storage battery or a rotating machine, 
the choice in any particular experiment being dictaied 
by the rate at which it is required to release the energy. 
The condenser bank offers the fastest rate of dis- 
charge, but is bulky and expensive. The rotating 
machine stores energy efficiently and compactly, but 
can only deliver it slowly. The inductive energy store 
comes somewhere in between. Up to the present con- 
denser banks have been widely used and the time scale 
of the experiments has been relatively short. An attrac- 
tive possibility seems to be to establish a discharge 
rapidly by means of a ‘ fast” condenser bank and then 
to prolong its duration by the slower discharge of an 
inductive energy store. This method offers economic 
advantages over a very large condenser bank when 
energy storage of hundreds of megajoules is contem- 
plated. The present Zeta condenser bank stores only 
half a megajoule. 


v 


Fast condenser techniques 

It is becoming increasingly clear that the configura- 
tions needed for stability will have to be set up very 
rapidly—in a matter of microseconds—if they are to 
be achieved at all. This in turn means that the initial 
rate of current rise will be high, with the additional pos- 
sibility that shock waves in the collapsing current sheath 
will contribute to the heating of the plasma. Work on 
high-current discharges in which the current rises at 
a rate of 2-10°* amp/s has been going on at AWRE 
with their straight discharges Maggi and Minni, and 
it is felt that rates of rise up to a thousand times faster 
are technically possible. 

Fast condenser techniques are also used in another 
device reported from AWRE. Known as the Thetatron, 
this machine heats and compresses plasma by means 
of a rapidly rising external magnetic field. The con- 
denser bank is discharged into a single copper loop 
surrounding the discharge tube; azimuthal currents are 
induced which interact with the magnetic field to com- 
press the plasma towards the axis. The resulting con- 
figuration (Figure 3) differs from the pinched discharge, 
in that the directions of current flow and magnetic 
field are interchanged, and preliminary results seem 
to indicate that it is more stable than the pinch. Simi- 
lar results have been obtained in the USA with a de- 
vice called Scylla, but both are still in an early stage 
of development. 


A review of the work going on in the USA was 


NUCLEAR POWER June 1959 








Nl 













olumn of 
ot plasma 


| plasma 
current 


magnetic 
field 

















heavy 
copper 
loop 








ndenser bank 


AWRE's Thetatron, shown here in principle, heats and 
compresses plasma by means of a rapidly rising external 
field (Fig. 3) 
given by Dr. Chester van Atta of UCRL. The scale 
and diversity of the American Sherwood Project is 
most impressive, but they too have come up against 
difficulties of a fundamental nature. Both the stellara- 
tors at Princeton and the pinch machines at Livermore 
and Los Alamos suffer from severe heat losses which 
appear to limit the electron temperature to less than a 
million degrees. The emphasis in the American work 
has therefore also shifted towards understanding of the 
fundamental plasma processes as an essential step 
which must come before a power reactor can be de- 
signed. Many small-scale experiments are in progress 

to investigate the energy loss mechanism. 


Mirror machines promising 

The change of emphasis is reflected by the change 
of attitude towards the neutrons which are now emitted 
from practically all the pinched discharges in deuterium. 
These caused great interest when they first appeared 
but their origin is still not understood. It is clear that 
they are not due solely to the temperatures achieved, 
and their importance has fallen to just another piece 
of evidence that many complicated processes are at 
work inside a plasma. The largest number of neutrons, 
10° per pulse, comes from an unstabilized straight 
pinch, and it will not be until yields of the order 10** 
per pulse are obtained that their ‘ thermo-nuclearity ’ 
will be beyond doubt. 

While the pinch approach is being plagued by in- 
stability trouble, work on mirror machines is of parti- 
cular interest since these have so far shown no appar- 
ent instabilities. Whether this is due to some fortunate 
property of the magnetic mirror configuration or to their 
relatively early stage of development is not yet clear, 
but temperatures of more than 10° °K at 8-values of 
8% are claimed for one of the compression mirror 
machines at Livermore, although the volume of com- 
pressed plasma is very small. 

The principle of the injection mirror machine, as 
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typified by the DCX at Oak Ridge, is to form a plasma 
by randomizing and trapping a beam of fast ions in 
a steady magnetic mirror field. By giving the ions the 
necessary high energy by direct acceleration, this 
machine stands a good chance of avoiding the tempera- 
ture barrier altogether. It has however encountered a 
barrier of its own. At present the fast ions are trapped 
by injecting them as molecular ions and breaking them 
up into atomic ions by the action of a powerful arc 
inside the machine. The atomic ions should then be 
confined by the field for long periods, but instead they 
are rapidly lost as a result of charge-exchange colli- 
sions with the residual gas atoms, which turn them into 
fast neutral particles uninfluenced by the magnetic field. 
To overcome this effect, the ions must be injected 
at a greater rate than they are lost, a condition which 
is known as burnout, but has not yet been achieved. 

The largest injection mirror machine yet built is the 
Ogra, at the Moscow Institute of Atomic Energy. Its 
inventor, Dr. Igor Golovin, was among the Russian 
delegation to the Convention and gave an account of 
the progress made to date. With a vacuum chamber 
45ft in diameter and 39ft long, this machine used 
collisions with residual gas atoms to achieve breakup 
of the molecular ion beam, and its great size is a con- 
sequence of this trapping method. The main features 
of the Ogra were described at Geneva, when it was still 
under construction, but now a vacuum of 3.10°° mm Hg 
has been created in the chamber, and a beam of 30 mA 
of hydrogen ions at 100 keV has been injected. Burnout 
has not been achieved, and is not expected until the 
injected current and energy are increased, and it was 
emphasized that the machine is still in the alignment 
stage. However, Dr. Golovin seemed optimistic, but 
pointed out that the problems being faced by mirror 
machines are at present technical ones, and the real 
test of their feasibility as reactors will not come until 
it has been shown that stable plasma at large B-values 
can be confined in them. 


Proposal for direct conversion 

Looking a long way ahead, the possibility of direct 
conversion of thermonuclear energy into plasma energy 
is of great interest. One proposal which might be 
used in a pinched discharge reactor is to modulate the 
current so that the pinched plasma undergoes a com- 
pression-reaction-expansion cycle in which a net amount 
of work is done against the confining magnetic field. 
This work would appear as electrical energy in the 
main discharge circuit. Only the energy of the charged 
reaction products could be harnessed in this way; the 
energy which is carried by the neutrons must inevitably 
be converted via a thermal cycle, so that at best no 
more than 30% of the available energy could be with- 
drawn directly. A reactor using this principle would 
require squarely-modulated currents of about 8 MA 
in D-T and about 70 MA in D-D. 


All papers will be published in Vol, 106 (1959) of Proc. TEE (Part A) 
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CONTRACTORS’ DIFFICULTIES. To ensure a sound 
foundation for the biological shield of the No. 4 
reactor, it was necessary to excavate to a depth of 
over 60 ft before sandstone rock was reached. Con- 
crete structures, 90ft high with 7 ft thick walls 
and 46 ft across the inside, were built directly onto 
the rock—the raft type foundations used at Calder 
Hall were not suitable for the type of ground at 
Chapelcross 


No. 1 REACTOR CONTROL ROOM. On the left— 
recorders for burst slug detection, temperatures and 
pressures. The centre wall is occupied by tempera- 
ture and pressure indicators for the four heat ex- 
changers and visual warning panels for reactor 
faults. On the right—control rod position indicators, 
showing the penetration depth of each rod. Also 
on this wall but not visible in the picture, are 
banks of ‘fail safe” trips. The console holds the 
reactor power indicators and recorders, with the 
coarse and fine control rods operating controls 


Scotland's first nuclear power station 


GHAPELCROSS 


officially opened on May 2, 1959, by 


Sir John Crabbe, O.B.E., M.C., T.D. 


H.M. Lord Lieutenant for Dumfriesshire 





























THE STORAGE POND. This is a feature 
not provided at Calder Hall and its main 
function is to ensure that transport delays 
do not affect the reactor outage time. The 
capacity of the pond is sufficient to hold 
cartridges equivalent to about three reac- 
tor charges. It is a reinforced concrete 
structure, consisting of two rectangular 
pools, joined side-by-side by a common 
wall. Each pool holds some 400,000 gal- 
lons of water, I8ft deep. Standard con- 
tainers holding 24 cartridges are used to 
take the irradiated fuel to the pond, 
where it is left to decay for some months 
before being transported by road to the 
plutonium processing plant at Windscale. 
Complete handling equipment and over- 
head cranes are incorporated. All the 
water is subjected to extensive filtering 
. before it is released into the outflow 
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Overlooking the Solway Firth from high ground to 
the north, Chapelcross is virtually a duplicate of 


Calder Hall. The layout, however, differs essentially 
from that at Calder Hall in that the four reactors 
were built concurrently, the resulting arrange- 
ment is more efficient and a single large turbine 
house with four adjacent cooling towers, is used. 
Another feature is that the main steam lines and 


other service lines are located, generally, just below 
ground level in open trenches and are not carried 
overhead as at Calder Hall. When all four reactors 
are in full production, some 140 MW of electricity 
will be supplied to the South of Scotland Electri- 
city Board. To prevent any possible radiation 
hazards growing up in the locality, an extensive 
planned sampling procedure has been initiated which 
will check at frequent regular intervals, milk, vege- 
tation, the sea shore and gamma radiation at ground 
level, over a wide area around Chapelcross 


LOADING A FUEL BASKET. Twenty-four fuel ele- 
ments, sufficient for four channels, in a circular 
rotating basket are loaded into a charge machine. 
These machines are electrically propelled and carry 
a unit for raising and lowering the elements, 
one at a time, by means of an electrically operated 
grab. A wide range of controlled speeds, from 175 
f.p.m. down to creep speeds is provided and the 
hoist cable carries the electrical cores for grab 
operation and remote indication 
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DUMP CONDENSERS. To prevent contaminated steam pass- 
ing to the turbines in the event of a failure in the heat 
exchangers; to use any steam in excess of normal load re- 
quirements; and to cover for the possibility of the station 
being suddenly disconnected from the grid when on load, 
steam dump condensers are provided. Each is capable of tak- 
ing the whole quantity of steam diverted from two loaded 
turbines. Primary desuperheaters using mechanically and 
thermostatically controlled spray nozzles reduce the tem- 
perature to about 300°F. Secondary desuperheaters fitted 
in the top chamber of the condenser reduce the temperature 
of the steam from 300°F to saturation point 
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With the experience gained at Calder Hall, 
the first of the four reactors of its almost 
identical copy was put into operation with 
greatly improved speed and efficiency 


CHAPELGROSS : 


Commissioning the first reactor 


HE MAIN PURPOSE of the Chapelcross works is 
be production of plutonium, but when fully opera- 
tional there will also be an electrical output of 140 MW 
into the South of Scotland Electricity Board’s system. 
Situated some three miles from the Royal Burgh of 
Aanan in Dumfriesshire, Scotland, the works were de- 
signed to be a copy of Calder Hall with only those 
modifications required by the site. Merz and McLellan 
were appointed as consulting engineers for the power 
plant layout, services and civil engineering and as con- 
struction agents for the whole station (/). The station 
was planned for four reactors from the beginning and 
thus enjoys an improved layout compared with Calder 
Hall. The four reactors are in line with four cooling 
towers in a parallel line on one side and the turbine 
hall housing the eight turboalternators on the other. 
Preliminary work on the site began in July 1955 and 
reactor no. | was completed and ready for its pre-hand- 
over tests by July 1958. 


TRAINING OF PERSONNEL 

The majority of the staff and practically all of the 
workpeople were recruited specially for Chapelcross 
and were inexperienced in reactor operation. Conse- 
quently a training programme for each member of staff 
was drawn up and it involved both formal training and 
training on the job. The formal training was carried 
out at the Harwell Reactor School, the Royal Techni- 
cal College, Salford, and the Calder Operations School. 
Training on the job was done at Calder Hall, SSEB’s 
power stations at Dalmarnock and Braehead, and the 
Windscale works. 

The Harwell Reactor School, and to a lesser extent, 
the Salford Royal Technical College course, gives three 
things to the newcomer to the industry: it provides a 
course in basic nuclear physics, a course in reactor 
physics and reactor control, and a wide general back- 
ground of work in the radioactive, metallurgical and 
heat transfer fields. The Calder Operations School (2) 
course was of especial value to plant operators and par- 
ticular attention was paid to the use of the Calder reac- 


104 


by D. R. R. FAIR, 0O.B.E., B.Sc., A.Inst.P. 
Works Manager, Chapelcross Works, UKAEA 


tor simulator. Each operator had to perform a full 
approach to power and shut down from power on the 
simulator, observing all the reactor limitations that 
apply on the plant itself. The charts indicating the cor- 
rectness of temperature and power control were assessed 
for each individual and a pass standard had to be 
achieved. There can be no doubt of the value to the 
Chapelcross staff of the courses at Harwell, Salford and 
Calder Hall. 

Perhaps it is appropriate to mention that a number 
of staff, some with reactor experience, had not had a 
very wide power station experience and in this matter 
the SSEB were most helpful in permitting AEA staff 
to attend for periods of upwards of a month at their 
power stations. The training on the job included, for 
certain members of staff, working as part of the operat- 
ing team at Calder Hall which was clearly of consider- 
able value. The reactor and cartridge cooling pond 
process workers in radioactive working techniques were 
sent to train for six to eight-week periods on the cart- 
ridge cooling ponds at the Windscale Works. 


Extensive use of plant manuals 

The other aspect of preparation for commissioning 
upon which most effort was expended was the pre- 
paration of plant manuals. They were based upon the 
operational procedures in use at Calder Hall and fell 
into three groups : 

1. Descriptive manual, in which a full technical des- 
cription of the plant was given together with plant 
characteristics, dimensions and drawings 

2. Plant operating instructions in which detailed in- 
structions were given for bringing the whole plant 
to power, shutting it down and carrying out certain 
other standard operations. This section of the 
manual did not give instructions in the manner of 
operating individual items of plant. 

3. Plant item operating instructions in which full in- 
structions were issued for the operation of each item 
of plant. They included instructions on starting up. 


NUCLEAR POWER June 1959 





sl 

a 

Th 
mani 
by t 
learn 
TI 
for t 
gran 


NU 





shutting down, attention whilst running normally, 
and emergency instructions for each piece of plant. 


The effort expended in the preparation of these 
manuals, although considerable, was more than repaid 
by the amount of detailed information the operators 
learned about their plant whilst preparing them. 

The works technical section were fully responsible 
for the preparation of the detailed commissioning pro- 
gramme and for the carrying out of the physics 
measurements associated with them. The programmes 
were issued well ahead of the time when each operation 
was to be carried out and consisted of three types of 


document : 


A programme document which laid down respon- 
sibility for each item of work and the date and time 


when it was to be executed 


A preparation document (e.g. ‘ Preparations for cali- 
brating the control rods’) which recorded in a series 
of schedules the exact state to which the whole plant 
was to be brought before the next operation began 
An instruction document (e.g. ‘ Instructions for cali- 
brating the control rods’) in which the reason for or 
theory behind the work was simply stated and full 3. 
details of the operations to be carried out given. 

Special training in reactor calculations, foil counting, 
and other techniques necessary for the reactor physics 
measurements was arranged for members of the tech- 
nical section of the Chapelcross operations team. In the 
weeks immediately preceding takeover, several briefing 
sessions were held when members of the Technical Sec- 


theory. 


COMMISSIONING THE PLANT 
During the construction of the plant and prior to the 
plant proving trials, many tests, both at contractors’ 





Loading successively 420, 424 and 428 channels in the 
reactor and measuring the effect on reactivity, extra- 
polation back to critical size gave 411-8 channels, com- 

pared with the 411-6 estimated (Fig. 1) 


tion outlined to the Operations and Maintenance staffs 
the measurements to be made and the supporting 


works and on site, were carried out. Some of the more 


important (3) were : 


1. Reactor vessel—pneumatically pressure tested fol- 

lowing electrical stress relief of the whole shell 
2. Heat exchangers—hydraulically pressure tested be- 
fore raising to the vertical 
Main and auxiliary circulators—tested in a closed 
loop on site to prove gas tightness and effectiveness 
of stationary and running seals 
4. Control rod mechanisms—tested in a test rig on site 

before installation in the vessel. 


A detailed test schedule had been drawn up in the 
design office for each piece of equipment associated 
with the reactor and the plant proving trials were 
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STATION DATA 


CAPACITY 

46 MW from two turbines fed by four 
heat exchangers 

Heat rating: 180 MW 

Complete station includes four reactors 
and 8 turboalternators 
Maximum electrical output: 

FUEI 

Natural uranium cast bars, 1-15 in. dia, 
40 in. long 

Vertical channels, six elements per chan- 
re 

Total number of channels: 1696 

Total investment: 130 tonnes 

CANNING 

\Magnox; wall thickness 0-072 in. 

Extended surface: single-start helical fin, 
0-125 in, pitch, 0-43 in. radial width, 
overall dia, 2-125 in. 

Manufacture: cans turned from solid, 
swaged on to uranium, helium filled. 

MODERATOR 

Graphite; 8 in. sq. 
and tiles 

Drilled 4 in. (av.) holes for fuel channels 

Overall size, including reflectors, 36 ft 
dia, 27 ft high 

Supported by ball bearings on 4 in. 
plates resting on diagrid 

Total weight: 1140 tonnes 


184 MW 


interlocking blocks 


CORI 

Size 31 ft dia, 21 ft high 

Lattice: regular square, 8 in. pitch 

COOLANT 

Carbon dioxide at 100 Ib/in.2 circulating 
upwards 

Flow: 7-1 million lb/h 


Ducting: 4 ft 6 in. dia 

Inlet temperature: 140°C 
Outlet temperature: 336°C 
Shielding cooling: blown air 


PUMPING 

Four centrifugal blowers, one in each 
heat exchanger circuit 

Total power absorbed: 5:44 MW 

Speed control Ward-Leonard 
range 10/1 

CONTROL 

Coarse: up to 48 rods ganged together 

Fine: up to four, manually operated 

Normal operation: total of 48 rods 

Rod construction: boron steel in stain- 
less steel tubes 

Suspension: stainless steel cable 

Travel: 21 

Maximum rod speed for shut off: 4 ft/s 

Minimum automatic rod speed: 0:5 
in./min 

SHIELDING 

6 in. steel plates 

Concrete: on sides 7 ft, on top 8 ft 

Minimum density: 150 lb/ft’, mean: 160 

fts 

Overall size: octagon 60 ft across flats, 
90 ft high 

Total weight on foundations: 32,000 tons 


type, 


REACTOR PRESSURE VESSEL 
DESIGN 
Plate: 2 in. 
‘ Lowtem ' 

Vertical cylinder 37 ft inside dia and 
71 ft 6 in. high with domed ends of 
ellipsoidal form; lower end_ has 
auxiliary dome 12 ft dia 

Ten ‘ A’ frame supports 

Diagrid to support reactor core, weight 
63 tons 

MANUFACTURE 

Prefabricated on site in five sections, bot- 
tom dome, two centre sections, diagrid 
and top dome 

Vessel sections lifted into position in 
reactor biological shield 


thick, ductile mild steel, 


HEAT EXCHANGER 

TYPE 

Duel-pressure cycle 

GAS CIRCUIT 

Temperatures: 638°F and 285°F 

STEAM 

H.P. 195 |lb/in.2 and Lp. 48 Ib/in.2 

77°. of power pincer es Be high pressure 

MANUFACTURE 

Each dispatched to site in ten sections, 
comprising six sections of the shell, 
two domed ends and two halves of the 
base. Overall size of shell: 80 ft by 
18 ft dia. Weight 178 tons. Total 
weight with equipment 450 tons 


TURBOALTERNATOR 

TURBINE 

3000 rev/min, single flow, 15 stage h.p. 
cylinder coupled in tandem to a double 
flow l.p. cylinder 

Steam conditions: 185 Ib/in2 (200 abs.) 
and 590°F for the h.p. unit, and 38 
lb/in.2 (53 abs.) and 340°F for the 
Lip. unit 

ALTERNATOR 

3000 rev/min 23 MW, at 11,000 V 


DUMP CONDENSER 


CAPACITY 
514,600 lb/h (= 2 turbines = 4 heat ex- 
changers = 1 reactor) 


DESUPERHEATERS 
Primary reduces steam 
approximately 300°F 

Secondary reduces the temperature to 
saturation 


COOLING TOWER 
CAPACITY 
3,000,000 gal/h from 87°F to 70°F 
SIZE 
290 ft high, throat dia. 104 ft and ring 
beam dia 200 ft 


temperature to 
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On the pile cap are the control rod actuators, painted dark 
blue, and the lighter flux scanners and thermocouples 
(Fig. 2) 
carried out during the final stages of construction be- 
fore the plant was handed over for operational com- 
missioning. The tests were supervised by the consulting 
engineers and were observed by representatives of the 
design office and operating team as necessary. Complete 
trials were carried out on all major equipment under as 
far as possible final operational conditions and were in 
five main stages (3): 
1. Cold static pressure tests at 115 Ib/in.*(g) using dried 
air 
2. Cold dynamic tests at pressures up to 100 Ib/in*(g). 
The dynamic tests at atmospheric pressure included 
runs with full flow filters inserted in each gas cir- 
cuit and a test to observe mechanical stability dur- 
ing which men were stationed in the vessel whilst 
the blowers were run at full speed 
3. Hot dynamic pressure tests at 115 lb/in*(g), 140°C, 
during which tests were carried out on the main gas 
circulators, the Ward Leonard sets, ancillary equip- 
ment such as cyclones and circuit driers the control 
equipment and instrumentation. The safety circuits 
and gas sampling equipment were also tested 
4. Trials of the fuel element charge and discharge 
equipment 
5. Functional test of the carbon dioxide plant. 
Some of the equipment, similar in design to that at 
Calder Hall, had been modified on the basis of experi- 


Taking measurements on four ion counters in the thermal 

column, the number of the 52 control rods originally in- 

stalled which had to be withdrawn for criticality was found 

by extrapolation. From this 48 rods was found to be 
sufficient (Fig. 3) 





ence at Calder Hall. The testing was required to how 
that the equipment was mechanically sound and al 0 to 
provide in certain cases experience for the plant © era- 
tors. The tests were concluded satisfactorily to pro. 
gramme and the plant was formally handed over tthe 
operating department on November 3, 1958. 


REACTOR COMMISSIONING 
1. Loading to criticality 


After hand-over to the operations team and b: fore 
uranium was loaded into the core three days of pre- 
paration work were needed for : 

1. Installation of scaffolding in the sub-diagrid area of 
the vessel so that inspection of channels, both 
loaded and unloaded, could be carried out 

2. Installation in the vessel of lighting and a remov- 
able charge pan identification system, because much 
of the work in the first six weeks after hand over 
called for men to be inside the vessel 

3. Installation of a motorized drive to the fine control 
rod withdrawal mechanism and a fast rate of with- 
drawal added to the coarse control rod withdrawal 
mechanism so that a rapid approach to criticality 
could be made during the early physics measure- 
ments. These modifications were removed as soon 
as the reactor was loaded to have 0°:2°% of reactivity 

4. Installation of a temporary telephone system linking 
together the reactor control room, the sub-diagrid, 
the vessel interior at charge pan level, the temporary 
change room in the envelope leading to the 54 in. 
duct through which entry to the vessel is effected, 
and the reactor cap 

5. Final control rod dropping tests to ensure that the 
time of fall from fully out to the application of full 
braking was within specification, also for the testing 
of every safety circuit 

6. Inspection of the vessel and the gas circuit and the 
setting and locking off where appropriate of valves 
according to the start up schedule. 

Loading of uranium into the core began at 02.55 
hours on November 6, 1958. The fuel elements were 
loaded by machines from the reactor cap to the charge 
pan level through two selected charge tubes near the 
edge of the core. The cartridges were removed from the 
grab at charge pan level and were loaded by hand into 
the channels at the centre of the core maintaining cylin- 
drical symmetry. The approach to critical size was ob- 
served by making a neutron count in the top reflector 
when all of the control rods were withdrawn. It was 
clear quite early in the operation that the critical size 
would be in close agreement with that for Calder reac- 
tor no. 3 ie. 412 channels. Therefore measurements 
were made at six stages only prior to going critical, i.e. 
at 64, 192, 240, 300, 360 and 400 channels loaded. This 
may be compared with the approach to critical in 
Calder reactor no. 1 (4) when it was deemed prudent 
to approach critical size in steps of four channels at a 
time. 
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When the critical size was accurately estimated the 
reactor was made slightly supercritical and the protec- 
tion circuits were tested. Criticality was established by 
loading 416 channels and on withdrawing the control 
rods the reactor diverged for the first time at 16.20 
hours on November 9, 1958, with a doubling time of 
approximately 120 seconds and was shut down by the 
operation of the reactor protection equipment which 
had been set to operate at a level corresponding to a 
peak reactor flux of about 5 x 10°n/cm* s. The extrapo- 
lation of the standard approach to critical curves (4) 
indicated a critical size of 411-6 channels which agreed 
very closely with the critical size of 412 channels for 
Calder reactor no. 3. The performance of the reactcr 
during this stage was observed by 
a. Four BF, proportional counters positioned in the 

top reflector with the counting equipment on the 

reactor Cap. 
b. Three shut-down amplifier chains which were the 
standard full power operating equipment with their 
ion chambers positioned temporarily in the top re- 
flector and with suitable high resistors to cover the 
range of sensitivity required. The shut-down ampli- 
fiers were located in their operational position in 
the reactor control room. 
Two period-meter chains with their ion chambers in 
the top reflector connected to installed reactivity in- 
struments in the reactor control room. 
The cables to the BF, proportional counters were 
passed into the vessel through a wooden flange mounted 
on a charge tube. The cables to the shut-down ampli- 
fiers and period-meter chains were passed through a 
special pressure tight flange on a charge tube since these 
instruments were to be used later when the vessel was 
at less than atmospheric pressure. All of this equipment 
had been assembled and put on ‘soak test’ for some 
months before the loading to critical size began. 


re 


2. Measurements round the critical size 

Starting on November 10, 1958, the reactor was suc- 
cessively loaded to 420, 424 and 428 channels and mea- 
surement was made of the effect on reactivity of the 
number of channels loaded. The results of the measure- 
ments may be seen in Figure | and it is to be noted that 
extrapolation back to the critical size gave 411-8 chan- 
nels. During these measurements four ion chambers in 
the top reflector were connected to an equipment which 
measured automatically a \/10 folding time of the ion 
chamber signal and four to an equipment which en- 
abled a doubling time to be measured by stop watch. 
At this stage of the programme, when the ion cham- 
bers were in the reflector and reasonably high currents 
were achieved with a very moderate core neutron flux, 
both types of equipment were satisfactory and consis- 
tent one with the other. At later stages of the pro- 
gramme when the ion chambers had to be located in 
the thermal column and were giving smaller currents 
some difficulty was experienced with the automatic 
equipment. 
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The axial and radial flux plots made in the Calder 
reactors to determine the Laplacians and extrapolation 
lengths were not repeated at Chapelcross because it was 
considered that the parameters were sufficiently well 
established. Partial calibration of the control rods was 
made, however, at each of the three stages of loading 
above critical by holding the reactor balanced at a 
steady neutron flux by one and then two control rods. 
The calibration points for the new control rods in use 
in this reactor fell on the theoretical curves drawn up 
prior to the calibration. The expected calibration was 
posted in the reactor control room and the results were 
plotted on the same graph by the technical section as 
soon as the measurements were made. The excellent 
agreement helped the ‘new’ operations shift teams to 
have confidence both in the work they were doing and 
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To calibrate the 48 control rods the vessel was sealed, 
pressurized with air and the loss of reactivity balanced by 
withdrawing the rods (Fig. +) 


in the technical section, and also helped the * new’ tech- 
nical section to have confidence in the operators and 
themselves. 

When the reactor was loaded to 428 channels one 
channel of uranium was replaced by a channel of steel 
absorber cartridges. The reactor was sealed and the air 
pressure reduced to about 50 cm of mercury pressure. 
On withdrawing the control rods the reactor diverged 
with a doubling time of about 60 seconds, thus enab- 
ling a calculation to be made of the effectiveness of this 
absorber. A pressure coefficient measurement was made 
by reducing the air pressure in three increments of 
about 3cm of mercury each and measuring the doub- 
ling time after each increment. On completion of the 
pressure coefficient measurements the vessel pressure 
was returned to atmospheric and the channel of steel 
replaced by a channel of cobalt and the measurement 
of the effectiveness of this absorber made. 

During these determinations the maximum reactor 
power reached was about | kW and the health physics 
surveys indicated that there was no limitation on the 
working time in the vessel at charge pan level after these 
irradiations. At the conclusion of these measurements at 
or near the critical size the operators were much mor? 
familiar with their plant and the technical section had 
confirmed that the first Chapelcross reactor was behav- 
ing in a manner exactly similar to Calder Hall. 
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With all but two of the control rods 

withdrawn, the two fine rods were 

calibrated one at a time. Solid line 

represents both, dotted line one fine 
“hy rod (Fig. 5) 
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3. Loading to full siz 


Before proceeding to load the critical size reactor to 
full size the fast rate of withdrawal modification to the 
coarse control rod mechanism was removed. All but 
two of the control rods were fully in and their with- 
drawal mechanisms locked off. The two remaining con- 
trol rods were put on to the fine control rod withdrawal 
mechanism and were held fully out at ‘emergency shut- 
down capacity.” The loading was controlled by the reac- 
tor foreman and was carried out in accordance with a 
master copy of the loading schedule provided by the 
technical section. Diagrams of the state of loading 
which were started when loading to critical size began 
were continued and were displayed on reactor cap and 
reactor control room. During the whole of the commis- 
sioning period all loose equipment used in the vessel 
or on pile cap near an open charge hole was fitted with 
a safety ring or lanyard so that it could not fall down 
a channel, and all equipment and tools that were taken 
into the vessel were logged in and out on each shift. 

The first steps in loading to full size were to com- 
plete the charge groups which had been partially loaded 
because radial symmetry had been maintained. This 
was carried out by hand loading as described earlier. 
The subsequent loading to full size was done with the 
charge machines and took from November 13 to 23, 
1958. An activated antimony-beryllium neutron source 
was loaded into the reactor at this stage in order to 
increase the observed neutron count rates in the ther- 
mal column during subsequent measurements. 


4. Calibration of the control rods 

During the initial stages of commissioning four con- 
trol rods in excess of the operational complement (48) 
were loaded in order to guarantee adequate shutdown 
capacity under all conditions. A measurement to deter- 
mine how many of the 52 control rods could be re- 
moved safely was carried out immediately after the 
completion of loading to full size. The BF, proportional 
counters previously located in the top reflector were 
now removed from the reactor core and repositioned in 
the thermal column. The count rate was determined 
with all the control rods fully in and then rods were 
withdrawn initially in pairs and then singly, and the 
count rate recorded after each withdrawal. The number 
of rods required to be withdrawn for criticality was 
found by extrapolating the curve of reciprocal count 
rate against number of rods in the reactor (Figure 3). 
The measurements confirmed that adequate control was 
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provided by the operational complement of 48 rods ind 
the four additional rods were then removed from the 
reactor. 

The technique for the calibration of the control rods 
was similar to that used for the Calder reactors. In the 
supercritical region the calibration consisted of pres- 
surizing with air and balancing the loss of reactivity due 
to the neutron absorpton of the nitrogen in the air by 
withdrawing the control rods. In the subcritical region 
the calibration was made by measuring neutron count 
rate for different control rod positions. 

To begin the calibration in the subcritical region the 
vessel was completely sealed and exhausted to a nomi- 
nal pressure of 12 cm Hg. With all of the 48 rods fully 
inserted a measure of the neutron flux was made by 
means of the two BF; counters in the thermal column. 
Further measurements were made with all 48 rods in 
line at positions up to 100 cycles withdrawn (1 cycle 
is equivalent to approximately | cm of rod movement). 
The reactor diverged and was held balanced at 104-8 
cycles. The procedure was repeated at nominal pres- 
sures of 50, 76, 100, 150 and 200 cm of Hg. 

The calibration in the supercritical region began at 
a nominal air pressure of 12 cm of Hg and continued 
until the control rods were fully removed from the 
core when the reactor was held balanced by an air 
pressure of 531 cm of Hg. The results of this calibration 
together with the subcritical calibration are shown 
together in Figure 4. At a later stage in the commis- 
sioning programme, when the whole of the reactor ves- 
sel and gas circuit was filled with air at 140°C, the 
supercritical calibration of the 48 control rods was re- 
peated in the manner described above. The results of 
this calibration are also plotted in Figure 4. 

The method adopted to calibrate the fine rods was 
to pressurize the reactor to 512 cm of Hg and with- 
draw all but two of the control rods, One of the two 
was then left in a known position and the second rod 
was rapidly withdrawn from the core. The reactor 
diverged and the reactivity available was measured by 
determining a doubling time. The reactor was shut 
down by running in both of the two rods at maximum 
speed. The calibration of two fine rods was achieved in 
similar manner, The results are shown in Figure 5. 


5. Hot gas circuit and b.s.d. gear tests 

Of the two main tests which then remained to be done 
on the reactor the first was a gas circuit pressure test 
at 140°C. The circuit was charged with air and heated 
from construction site steam fed into the heat ex- 
changers and from the heat developed in the four car- 
bon dioxide blowers run at normal full power operat- 
ing speed. At the conclusion of these tests, which had 
also permitted the calibration of the control rods hot, 
the circuit was cooled down for a final internal and 
external plant inspection. This completed, the burst 
cartridge detection gear was subjected to the same type 
of tests as those carried out at Calder Hall. Enriched 
uranium foils were loaded into channels, the reactor 
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raised to power and the signal received by the gear 
recorded. The results were similar to those achieved at 
Calder Hall, the gear possessing the same excellent 
sensitivity (6, 7). 

These tests are carried out after the so-called final 
inspection because the power level to which the reactor 
is taken is such that subsequent entry to the reactor 
vessel is limited by the gamma radiation from the 
core. Extreme care is therefore taken in handling the 
foils when removing them from the vessel since the 
latter is then finally sealed. 

6. Reactor to power 

After certain other experiments not reported here 
the reactor was raised to full power in two steps be- 
tween January 6 and 9. The manner of operation fol- 
lowed exactly the procedure developed at Calder Hall 
(6) and the plant operating instruction were followed 
in detail. A steady power a little in excess of 200 MW 
was achieved and has been maintained. Although the 
operators were bringing the reactor to power for the 
first time it was clear that they had benefited consider- 
ably from simulator training at the Calder Operations 
School and from having been in executive control 
throughout all of the physics measurements, From this 
time onward the reactor was available for full power 
operation and became the servant of the steam plant 
for its commissioning. Figure 7 illustrates the variations 
in plant conditions during a subsequent normal reactor 
start-up. 

POWER PLANT COMMISSIONING 

During the reactor commissioning the power plant 
operators took over from construction and operated : 
1. the condensate plant 
2. the feed water system and demineralization plant 
3. the heat exchangers 
4. the h.p. and I.p. auxiliaries, steam mains and de- 
superheater water heater. 

The main steam circuits were thermal cycled on con- 
struction site steam and steam was provided to the 
reactor both for the hot run with air in the circuit and 


Closed circuit television is used for inspecting charge chan- 

nels in the pile. Far right is the cable carrier which lowers 

the camera into the reactor; in the background is a loaded 
charge machine (Fig. 6) 
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During a typical start-up of reactor |, these variations in 
plant conditions occur (Fig. 7) 


also to provide the initial heating to 140°C of the reac- 
tor core when CO. was first introduced. 

When the reactor first went to power steam was fed 
to the dump condenser and the steam safety valves were 
floated. On January 10 the h.p. and I.p. steam lines 
were blown to atmosphere four times through temporary 
blow-off pipework. This was to ensure the cleanliness 
of the steam system prior to passing steam to the turbo- 
alternators. During the ‘ blow-offs” the feed regulators 
maintained the system reasonably steady and the tem- 
perature of the inlet gas to the reactor varied only by 
about 5°C. The rest of the reactor core was virtually 
unaffected. 

The reactor was shut down from January 11 to 25 to 
permit a detailed examination of all the steam circuit 
valves, traps, etc. to remove any foreign matter. After 
reassembly of the steam circuits the reactor was brought 
to power and the system was blown to atmosphere 
through the temporary blow-off pipework again until 
four consecutive blows left the polished etching plates 
in the blow-off lines unmarked. This was taken to be 
a measure of the cleanliness of the circuit concerned 
and of its freedom from foreign matter. The blows to 
atmosphere, the removal of the temporary pipework 
and the reinstatement of the system was completed by 
February 16 when commissioning by C. A. Parsons & 
Co. Ltd. of the turboalternators started. This followed 
the conventional procedure of 1. running up mechanic- 
ally; 2. overspeed tests: 3. bearing inspection; 4. dry 
out of the alternator; 5. electrical tests on alternator; 
6. alternator protection set up. The no. | turboalternator 
was synchronized onto the grid on February 21, 1959, 
and the no. 2 set on February 28, 1959. 
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POWER. In each reactor, four of these 
heat exchangers feed two turbines, 
giving 46 MW output 
This station, designed by the Produc- 
tion Reactor Design Office of the 
AEA, necessitated the placing of some 
2000 contracts having a total value 
of £M34, on British Industry. Over 
1700 contracts were issued by Risley 
for materials and equipment similar 
to that employed on the Calder Hall 
installation and Merz & McLellan, the 
consulting engineers appointed by the 
Authority, issued more than 240 con- 
tracts for civil, mechanical, electrical 
and service equipment not a direct 

copy of the Calder Hall items. 


Main consultants and contractors 
MERZ & McLELLAN 


Consulting engineers 


W. V. ZINN & PARTNERS 


Design of turbine house steel frame 


L. G. MOUCHEL & PARTNERS 
LTD 


Design of cooling towers 


L. J. COUVES & PARTNERS 
Architects for admin strative  buildines canteer 
and housing schemes 


MITCHELL CONSTRUCTION CO 
LTD 


General civil wor. contract 


C. A. PARSONS & CO LTD 


Turbo-generating p'ant contract 


STEWARTS & LLOYDS LTD 
Main contractor for the supply, erection and weld- 
ing of the pipework systems 


THOS. W. WARD LTD 


Mechanical dayworks contractors for installation of 
p'ant and machinery and operation of site mechan- 
cal facilities 


AEA Major Contracts 


ACCLES & POLLOCK LTD 

Stainless steel tubing 

ACCURATE RECORDING INSTRUMENT CO 
LTD 


sasirumentation 
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AEKIALITE LTD 

Cables 

AIRSCREW CO & JICWOOD LID 

AITON & CO LTD 

Pipe work 

APPLEBY & IRELAND LTD 

Control rod indicators 

rHE APV CO LTD 

ARMSTRONG WHITWORTH (METAL INDUS- 
TRIES) LTD 

Pressure vessel shield plugs & wali seal assemblies 
BABCOCK & WILCOX LTD 

Heat exchangers 

SIR W. H. BAILEY & CO LTD 

Valves 

BAILEY METERS & CONTROLS LTD 
BAKER PLATINUM DIV OF ENGELHARD 
INDUSTRIES 

WILLIAM BEARDMORE & CO LTD 

Steel plates for thermal shield 

HENRY BERRY & CO LTD 

1. BLAKEBOROUGH & SONS LTD 

Gas valves & control gear 

BRITISH ALUMINIUM CO LTD 

BRITISH ERMETO CORPORATION LTD 

Pipe fittings 

BRITISH INSULATED CALLENDER’S CABLES 
LTD 

Multi-core & special fuel element handling cables 
BURNDEN PARK ENGINEERING CO LTD 
Charge pen components 

BURTONWOOD ENGINEERING CO LTD 
THE BUTTERLEY CO LTD 

W. P. BUTTERFIELD LTD 

Irradiation hood tubes & liners 

WILLIAM H. CAPPER & CO LTD 

Pipe work 

CHATWOOD MILNER LTD 

Reactor components 


CONCORDIA ELECTRIC WIRE & CABLE CO 
LTD 


Cabies 

CONSETT IRON & STEEL CO LTD 

Mild steel plates 

CONSOLIDATED PNEUMATIC TOOL CO LTD 
CONSTRUCTORS JOHN BROWN LTD 
COSTAIN-JOHN BROWN LTD 

Heavy lifting gear 

J. A, CRABTREE & CO LTD 

Switchgear 

CRAVENS LTD 

Shield plugs & skips 

CROSSLEY BROTHERS LTD 

Standby diesel generating sets 

J}. DAY & CO (DERBY WORKS) LTD 
DELEPENA & SON LTD 

Induction heating equipment 

DEWRANCE & CO LTD 

Mounting & valves 

DISTINGTON ENGINEERING CO LTD 
Shield cooling stacks & transport coffins 
DOULTON INDUSTRIAL PORCELAIN LTD 
rIMOTHY EATON & PARTNERS 

EKCO ELECTRONICS LTD 

Nucleonic instrumentation 

ELLIOTT BROS (LONDON) LTD 

Burst slug detection gear, recorders & transmitter 
gauges 

EMPYRIUM WELDING & MANUFACTURING 
CO LTD 

THE ENGLISH ELECTRIC CO LTD 

Control equipment 

ENGLISH STEEL FORGE & ENGINEERING 
LTD 


Steel plate for thermal shield 

ERF LTD 

Transport vehicles for coffins 
EVANS LIFTS LTD 

Lifts for reactor buildings 
EVERSHED & VIGNOLES LTD 
Control instrumentation 

FAIREY AVIATION CO LTD 
Graphite restraint equipment 
FAWCETT, PRESTON & CO LTD 
FILM COOLING TOWERS (1925) LID 
Water coolers for auxiliary circuits 
FOXBORO-YOXALL LTD 
Instrumentation 

JAMES GIBBONS LTD 


SIR HOWARD GRUBB, PARSONS & CO LTD 
COz in water detectors 

HADFIELDS LTD 

Control & shut-off rods 

HENRY HARGREAVES & SONS LTD 
Ducting 

HICK HARGREAVES & CO LTD 
Deaerators 

HAYWARD TYLER & CO LTD 

Glandless pumps 

HEATHER FILTERS LTD 

Air filters 

HONEYWELL-BROWN LTD 

Recorders 

JAMES HOWDEN « CO LTD 

Shield cooling fans 

IMPERIAL CHEMICAL INDUSTRIES LID 
Stainless steel pipework for burst slug detection 
JONES TATE & CO LTD 

GEORGE KENT LTD 

Recorders & instruments 

W.J. KENYON & CO LTD 

RICHARD KLINGER LTD 

Cocks for burst slug detection gear & joints 
LABGEAR (CAMBRIDGE) LTD 
LANGHAM ENGINEERING CO LTD 

| AURENCE, SCOTT & ELECTROMOTORS LID 
Water circulating pump motors 

LODGE PLUGS LTD 

LONDON ALUMINIUM CO LID 
‘tAGNESIUM ELEKTRON LTD 

Fuel can material 

ALBERT MANN’S ENGINEERING CO LTD 
MARKHAM & CO LTD 

““ATHER & PLATT LTD 

Gas circulator motors & fire-fighting installations 
J. MCFARLANE & CO LTD 
METALECTRIC FURNACES LTD 
METROPOLITAN-VICKERS ELECTRIC CO LTD 
Frequency converter & control rod actuators 
MORGAN CRUCIBLE CO LTD 
NATIONAL CASH REGISTER CO LTD 
Accounting machinery 

NEWBURGH ENGINEERING CO LTD 
Charee pans & fuel element strut assemblies 
NEW WESTERN (ENGINEERING) LTD 
Instrument installation & commissioning 
NORSTEL LTD 

Scaffolding 

lr. B. PEARSONS & SONS LTD 

C. J, PENN LTD 

PLESSEY NUCLEONICS LTD 

Burst cartridge detection gear 

POLLARD BEARINGS L1D 

Graphite support bearings 

POWER AUXILIARIES LTD 

PYE LTD 

Industrial closed-circuit television 

PYRENE CO LTD 

Fire-fighting equipment 

PYROTENAX LTD 

Thermocouples & compensating cables 
REAVELL & CO LTD 

Compressors 

ROYCE ELECTRIC FURNACES LID 
Discharge machine magazine air drier 
RUBERY OWEN & CO LTD 

Liner tubes 

SANDALL PRECISION CO LTD 

Control rod details & fuel struts 

SAUNDERS VALVE CO LTD 

Diaphragm valves 

H. SAVILLE LTD 

SERVOMEX CONTROLS LID 

SIEBE GORMAN & CO LTD 

R. B. STIRLING & CO LTD 

Ductwork 

STOVE EQUIPMENTS LTD 

STRACHEN & HENSHAW LID 

Reactor charging & disc’ arging machines & cart 
ridge cooling pond equipment 

FALBOT STEAD TUBE CO LTD 

Stainless steel tubing 

UNSWORTH & SONS LTD 

r. T, VICARS LTD 

VICKERS ARMSTRONGS (AIRCRAFT) LTD 
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VOKES iENSPRING LTD 
Pipe supvorts 

VULCAN FOUNDRY LTD 
Flux s¢ ng gear 


WHARION CRANE & HOIST CO LTD 

OET cranes 

WHESSOE LTD 

Reactor ssure vessels 

WIDNES FOUNDRY & ENGINEERING CO LTD 


Cast iron coffins 
WILLIAMS & JAMES (ENGINEERS) LTD 


WINGROVE & ROGERS LTD 
Electrical installations 


Merz & McLellan Contracts 


Civil engineering 

DUMFRIES COUNTY COUNCIL 

Section of effluent drain to Solway and wat r main 
to temporary housing site 

COLVILLE CONSTRUCTION CO LTD 
Structural frameworks 

DARLINGTON FENCING CO LTD 

Site fencing & gates 

ALEXANDER FINDLAY & CO LTD 

Structural frameworks 

NORTHUMBERLAND WHINSTONE CO LTD 
Aggregates 

W. J. SIMMS, SONS & COOKE LTD 
Bungalows, dormitories, dining & kitchen blocks 
A. A. STUART & SONS (GLASGOW) LTD 
Administrative and police buildings 

rTARSLAG LTD 

Effluent drains to Solway 

TAYLOR WOODROW CONSTRUCTION LTD 
Preliminary works 

WEIR HOUSING CORPORATION 

Erection & decoration of bungalows, timber houses 
& garages 

JAMES M. WELLS & CO LTD 

Erection of houses & garages, superstructures for 
admini trat've, laboratory, fuel element & general 
stores buildings 


Mechanical engineering 

ABERDARE ENGINEERING 
Decontamination vats & steelwork 

W. H. ALLEN, SONS & CO LTD 

Main circulating water pumps 

THE ANGEL TRUCK CO LTD 
Platform truck for cartridge cooling pond 


BABCOCK & WILCOX LTD 

Handling equipment for cartridge cooling pond & 
pipework 

SIR W. H. BAILEY & CO LTD 
Circulating water valves 

WM. BOBY & CO LTD 

Make-up deaerator 

JOHN BOYD & CO (ENGINEERS) LTD 
1S-ton OET crane 

FREDERICK BRABY & CO LTD 

OL tanks 

BROOM & WADE LTD 

Diesel-driven air compressors & equipment 
BURNETT & LEWIS LTD 

Air drier for pressure vessel system 

THE CARBON DIOXIDE CO 

CO. storage and evaporating plant 

GEO. COHEN, SONS & CO LTD 

Gas sampling plant electric hoists 
COCHRAN & CO (ANNAN) LTD 
Multi-tubular boilers & boiler deaerator 
CRANE PACKINGS L’'D 

Condenser tube cleaning equipment 
CROMPTON PARKINSON LTD 
Weiding equipment 

FAIRLEEDE ENGINEERING LTD 
Cable coiling mechanisms 

ANDREW FRASER & CO LTD 

Jil pumps 


ra ENWOOD & AIRVAC VENTILATING CO 
) 


CO, plant ventilating fans & rectifier room fans 


G. N. HADEN & SONS LTD 


Fuel oil storage tank 
JOHN HALL (TOOLS) LTD 
Workshop equipment 


MATIHEW HALL & CO LTD 
Heat ventilating, steam & water services & 
Dipework 


HOPKINSONS LTD 
Centr e, Standby boiler feed pumps & valves 
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IMPERIAL CHEMICAL INDUSTRIES LTD 
Water treatment plant & degreasing plant 
INTERNATIONAL GAS DETECTORS 
CO, plant indicating alarms 

GEO. W. KING LTD 

S-ton blocks 

THE KLEEN-E-ZE BRUSH CO LTD 
Condenser tube cleaning equipment 

E. N. MACKLEY & CO 

Special tools & tongs 

METERING PUMPS LTD 

Pumps & equipment 

W. & E. MOORE LTD 

Electric hoist blocks 

HERBERT MORRIS LTD 

Rolier conveyors & auxiliary hoisting equipment & 
blocks 

MUNRO & MILLER LTD 

Oil storage tanks 

NECKAR WATER SOFTENER CO LTD 
Coffin basket decontamination equ'pment 
fHE PERMUTIT CO LTD 

Water treatment plants 

RANSOMES & RAPIER LTD 

S-ton mobile crane 

REDHEUGH IRON & STEEL CO LTD 
Oil storage tanks 

SHAW & McINNES LTD 

Circulating water cast-iron special pipe 
THE STANTON IRONWORKS CO LTD 
Circulating water cast-iron specials 
STEEL’S ENGINEERING PRODUCTS LTD 
20-ton mobile crane 

SULZER BROS (LONDON) LTD 

Boiler feed pumps 

DAVID THOMPSON & SONS LTD 
Control building heating services 

VERSIL LTD 

Heating insulation of pipework & associated 
equipment 

WALLACE & TIERNAN LTD 
Chlorinating plant 

WOLSELEY HOLDINGS LTD 

Coating of decontamination vats 


YORKSHIRE IMPERIAL METALS LTD 
Copper tubes 


Electrical engineering 


SOUTH OF SCOTLAND ELECTRICITY BOARD 
Construction supplies equipment, switchgear & 
street lighting 

AEL LAMPS & LIGHTING CO LTD 

Turbine & control hall lighting fittings 

A. BAIRD & SONS LTD 

Floodlighting & lighting installations 

THE BEDE TRANSFORMER CO 

Underwater light LO transformers 


BROOKHIRST SWITCHGEAR LTD 
Auxiliary starters & panels 


BRUSH ELECTRIC ENGINEERING CO LTD 
Transformers 

CONTACTOR SWITCHGEAR LTD 

Starters & emergency lighting voltage stabilizing 
equipment 

G. P. DENNIS LTD 

Switchboards 

ERICSSON TELEPHONES LTD 

PABX telephone equipment 

GENT & CO LTD 

Fire alarms for reactor buildings 
HACKBRIDGE & HEWITTIC ELECTRIC CO 
LTD 

Current limiting reactors 

W. T. HENLEYS TELEGRAPH WORKS CO 
LTD 

Distribution pillars, cables & accessories 

JOHN KERR & CO LTD 

Sodium chioride & metal scoops 

THE WALTER KIDDE CO LTD 

Water jet fire-fighting & alarm installation 
JAMES KILPATRICK & SON LTD 

Lighting, heating & plug-point installation 
NEW WESTERN (ENGINEERING) LTD 

Site installation, testing & commissioning of 
instruments & ancillary equipment 

A. REYROLLE & CO LTD 

Ring-main tee-off unit, switchgear, fuseboards & 
remote control panels 

SIEMENS BROS & CO LTD 

Cable racking 

STANDARD TELEPHONES & CABLES LTD 
Operational telephones & switchboard 
TRANSFORMERS (WATFORD) LTD 


Trans/ormecs 


F. H. WHEELER (SCOTLAND) LTD 

Electric lighting & heating installation in control, 
workshops, administrative and stores blocks 
YORKSHIRE ELECTRIC TRANSFORMERS CO 
LTD 


Transformers 


Service supplies 


D. D. ADAMSON LTD 

Landscaping 

ARCHIMEDES DIEHL MACHINE CO LTD 
Calculating machines 

R, W. BAMFORTH & CO LTD 

Reactor office furniture 

CLYDE FUEL SYSTEMS LTD 

Servicing oil burning equipment 
COLVILLES LTD 

Miscellaneous steel & reinforcing bars 
CONSTRUCTORS LTD 

Reactor office equipment 
CONVEYANCER FORK TRUCKS LTD 
Fork lift trucks 

DORMAN LONG (STEEL) LTD 
Miscellaneous steel 

ESSO PETROLEUM CO LTD 

Petrol, diesel & fuel oil supplies 

A. G. FARMER & SONS LTD 

Office furniture 

R, E, FORSTER LTD 

Reactor office furniture 

THE GENERAL ELECTRIC CO LTD 
Cable & fuses 

GESTETNER LTD 

Duplicators 

THE GLEDHILL-BROOK TIME RECORDERS 
LTD 

Time recorders, clocks & card racks 

W. J. GRIEVE & CO LTD 

Personnel vehicles 

JOHN BELL & CROYDEN 
Electricaliy-heated high pressure sterilizer 
KIDDS BUSINESS SERVICE 

Office furniture 

MAGNETA TIME CO LTD 
Speakerphone equipment 

McKELVIE LTD 

Transporting 130-ton guy derrick 
NORTH EASTERN RADIOGRAPHY LTD 
Radiography of Delapena connexions 
NORWOOD STEEL EQUIPMENT LTD 
Reactor office furniture 

REMINGTON RAND LTD 

Kardex cabinets 

SHELL MEX & B.P, LTD 

Petrol, fuel & gas oil supplies 

W. J. SIMMS, SONS & COOKE LTD 
Kitchen equipment erection 

SIMPLEX ELECTRIC CO LTD 

Electric cookers 

H. C. SLINGSBY LTD 

Trucks 

SPEEDINGS LTD 

Lifebuoys 


PLUTONIUM. Irradiated fuel leaves for 
Windscale in shielded, accident-proof 
coffins 

















The last article in this series shows how 
the instruments described in previous 


issues are used in research and industry 


RADIATION DETECTORS 


4—Some applications 


by W. R. LOOSEMORE, B.Sc., 4.R.CS. 
4.E.R.E., Harwell 


Geiger counters 


The G.M. counter has no intrinsic ability to discrim- 
inate between different classes of radiation: a single 
ion pair produced in the sensitive volume of a counter 
will result in a complete electron avalanche. The total 
charge collected at each discharge will vary from 107?- 
10°*° coulombs for an organic-vapour-quenched counter 
to 10°°-10°* coulombs if the counter is a low voltage 
type quenched with bromine or chlorine. The life of a 
halogen-quenched counter is very long since the quench- 
ing agent is not destroyed during the ionization pro- 
cess, whereas an organic-vapour-quenched counter has 
a life of 10°-10° counts. Operating voltages range from 
300-500 volts for low voltage counters to 1000-1500 
volts for the others. The resolution of all G.M. tubes is 
of the order 10 seconds, and hence counting rates are 
limited to a maximum of 10*/s if large losses are to be 
avoided. 

Applications of G.M. counters are thus limited to 
cases where no information is required about the energy 
or nature of the radiation to be measured, though the 
use of external absorbers may enable information to be 
deduced. This type of counter is commonly used for 
the routine assay of beta-active solid or liquid samples 
where the simplicity of associated electronic apparatus 
is an advantage. When a sample can be prepared as a 
thin solid deposit it may be assayed using a counter 
with a thin end window; measurement of bulk samples, 
especially in liquid form, is usually accomplished by a 
cylindrical counter having a thin wall which can be 
wholly or partially immersed in the sample. A small 
sample of liquid may be contained in an annular space 
surrounding such a thin-walled counter by a suitably 
designed jacket. The low efficiency to gamma radiation 
enables a counter of usable dimensions to be produced 
with a low background count rate. As an example a 
counter of active length | in. with an end window | in. 
in diameter will have an unshielded background of 
about 20-30 c/min in clean surroundings, whereas a 
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gamma dose-rate, 7/h 


Response of a high-current G.M. counter to gamma radia 
tion from Co-60 (Fig. 1) 


scintillation counter with a crystal of similar dimensions 
will have a background of 1500-2000 c/min. 

Counters are available with mica end windows up 
to 2 in. diameter and of thickness down to 2 mg/cm’; 
aluminium alloy windows are commonly 7 mg/cm’. 
Counters used for the assay of liquids are made of 
glass, the wall thickness being 30-40 mg/cm? over a 
length of 6 or 12 cm; the liquid capacity of these 
counters is 10-20 ml. 

Low voltage counters find their chief application in 
portable apparatus, for instance in geological survey or 
Civil Defence instruments where robustness and long 
life are more important than extreme sensitivity or accur- 
acy. Gamma counters for this application have been 
designed which are able to withstand a 4 ft drop on 
to concrete. By suitable design it is possible to in- 
crease the charge collected per counting event to a level 
where the mean current through the counter may be 
measured directly with a conventional microammeter, 
forming the basis of a simple radiation monitoring 
equipment. Figure | shows the response of such a 
counter to gamma radiation from Co-60 (1-1 and 1:3 
MeV) over a wide range of dose-rates. The dimensions 
of this counter are 10 mm dia. x 4 cm long, excluding 
terminations. 


Energy measurement by proportional counters 

The gas ionization proportional counter has many 
applications since it offers the possibility of measuring 
the energy of an incident radiation. However it is also 
commonly used to assay alpha and beta radiation even 
when an energy analysis is not required, since the re- 
solving time depends only on electron mobility in the 
filling gas and hence may be reduced to less than 10° 
second. The counting gas, which may be argon 01 
argon + 10% methane, is flowed through at atmo- 
spheric pressure so that it is not necessary to seal the 
counter envelope. This in turn enables a source to be 
placed inside the counting volume, eliminating window 
absorption. If pure argon is used, the gas multiplication 


NUCLEAR POWER June 1959 





is | 
sect 
dis 
the 
ticl 
gal 
to 


cat 


fiss 


anc 
po! 


ali 


Th 


Wi 





is limited to about 100 for reliable operation, before 
secondary effects at the cathode result in a continuous 
discharge. With normal amplifier settings this restricts 
the proportional counter to the detection of alpha par- 
ticles. If 10% methane is added to the argon the gas 
gain increases exponentially with applied voltage up 
to values greater than 10’, showing that secondary 
cathode effects are unimportant at this level. 

Alpha-active samples are often contaminated with 
fission products emitting beta and gamma radiation 
and in this case the energy discrimination of the pro- 
portional counter can reduce the effect of this contamin- 
ation 

Let FE, =the minimum energy dissipated by an 
alpha particle which will result in detec- 
tion, 

FE), = energy dissipated by a beta particle in tra- 
versing the counter, assumed constant 
(E, <E,). 
n = occurrence rate of events resulting in EF, 
+ = resolving time of counter. 
Then if m-s. 1, the energy dissipated in the counter in 
time + due to E, will be F,nz, and the standard 
deviation E(nz)'. It can easily be shown that if 
E,/E,(n =)! = p, the probability that the fluctuation 
will exceed FE, and thus result in a count is 5-9 x 10° 
if p=SandZx 10° a p= 6. 

Typically - = 5 x 10° s, E,/E, = 40 for the type 
of counter under discussion, and the spurious count 
rate will be 1 c/s for n = 1:3 x 10° c/s if p = 5, or 
0004 c/s for n = 10° c/s if p = 6; thus quite a large 
beta contamination may be tolerated. 

Since the specific ionization of beta particles increases 
with decreasing energy the amplifier gain necessary to 
detect beta particles will correspondingly decrease, or 
alternatively if the amplifier gain is fixed the counter 
anode voltage required at the threshold will decrease. 
A normal beta operating voltage for the flow counter 
discussed is 1500 volts, when the threshold of detection 
is about 100 primary ion pairs produced in the counter. 


Use in X-ray fluorescence spectroscopy 


The ability of proportional gas counters to detect 
low energy X-ray photons was mentioned in a previous 
article (/), and has recently been extended to the field 
of X-ray fluorescence spectroscopy. Conventionally, 
radiation from an X-ray tube falls on the specimen 
under investigation and the fluorescent X-rays so pro- 
duced are analysed in a crystal spectrometer. By re- 
placing the X-ray tube with a radioactive source and 
the crystal spectrometer by a proportional counter, the 
radiation hazards may be greatly reduced due to the 
more favourable geometrical arrangements which are 
possible, and the apparatus considerably simplified. 

The scintillation counter may also be used in this 
application, but for energies below 100 keV .the poor 
resolution of the latter is a serious disadvantage. The 
energy required to produce | ion pair in a gas is about 
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30 eV, and hence absorption of a titanium X-ray of 
4:5 keV gives a number of ions N = 150, with an 
approximate fractional standard deviation = 1/(150)}. 
The fractional width of the photoelectric absorption 
peak at half-maximum amplitude is therefore 2-36/(150)* 
or 29-5%. The light output from a NalI(T1) crystal and 
photomultiplier is 1000 photoelectrons/MeV absorbed 
and hence an average of 4:5 photoelectrons will be re- 
leased per titanium X-ray photon. The resolution is 
therefore worse by a factor (150/4-5)! = 5:9. 

The technique can be applied to detect the presence 
of elements or mixtures of elements by identifying the 
energy of the appropriate fluorescence radiation, but 
fluctuations in the number of primary ion pairs pro- 
duced will only enable elements to be resolved in a 
practical design of counter (2) if they are separated by 
at least 3 units of atomic number for Z<40; for Z>40 
a separation of 4 units is required. If the energy of the 
fluorescence radiation is greater than that of the K- 
absorption edge of the counter gas then the spectrum 
will include an escape peak of energy Ey—EF;,, and this 
may be used to identify elements which cannot be re- 
solved directly. 

While alpha- and beta-emitting sources have been 
used to excite fluorescence X-radiation, the X-ray 
sources Fe-55 (5-9 keV), Cs-131 (30°8 keV) and W-181 
(58 keV), with half-lives of 2°9 years, 10 days and 140 
days, are perhaps the most convenient. The source is 
often mounted in an annular ring made of lead sur- 
rounding the counter window to absorb radiation 
emitted directly and the sample is placed immediately 
above it. Fluorescence X-rays from the sample excited 
by the incident radiation then enter the counter and 
are detected. In addition to the analysis of both liquid 
and solid samples the thickness of surface coatings may 
be measured by this method. 

Another application of the X-ray proportional 
counter lies in the study of X-ray emission from the 
alpha-emitting trans-uranic elements. The nuclear struc- 
ture of such elements may be studied by examination of 
fine structure in the alpha-particle spectrum, but this 
requires a highly sophisticated technique and a gridded 
ion chamber operating very close to the theoretical 
limit of resolution. It may be much simpler to identify 
this fine structure by measurement of nuclear X-radia- 
tion which usually occurs in the energy range around 
20-100 keV. 

It should be noted that as pulse amplitude is used 
to determine the energy of a photo-peak it is important 
that the overall voltage gain of the system be constant 
over long periods. It is relatively easy to stabilize the 
gain of an amplifier to +1°, over periods of hours, but 
stringent demands are placed on the stability of the 
h.t. supply to the counter. Gas amplification in a pro- 
portional counter is an exponential function of applied 
voltage, and with mixtures of a rare gas at 40-150 cm 
Hg and 5-10 cm CH, and an anode wire diameter of 
0-1 mm, a change in e.h.t. of 1% will result in a change 
in pulse height of 14-20%. Thus the stability required of 
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the e.h.t. supply is at least =0-1%, and it is usual to 
make frequent stability checks with radiation of a 
known energy. 


Assessing fast neutron health hazard 


The gas proportional counter has also been used (3) 
to assess the health hazard due to a flux of fast neu- 
trons in the energy range of 0°1-1SMeV (Figure 2). It 
takes the form of a series of polythene-lined cells 
placed in line, with a common anode wire of tungsten 
0-001 in. dia. passing along the axis of each cell; the 
gas filling is a mixture of methane and argon. The prin- 
ciple is that incident neutrons will make elastic col- 
lision with protons contained both in the hydrogenous 
material of the wall and in the gas and the ionization 
produced by recoil protons as they traverse the gas can 
be collected and measured. The amount of energy ex- 
pended in the gas by a proton will depend in a rather 
complicated way on the energy of the incident neutron, 
the angle between the recoiling particles, the gas 
pressure, and the thickness of the hydrogenous radia- 
tors. However it has been found possible to adjust 
these parameters so that the sensitivity of the counter 
to a flux of neutrons is proportional to the biological 
dose per neutron within 20%. Thus the counting rate 
is a direct measure of the fast neutron hazard, inde- 
pendent of neutron energy, in the range of 0°1-15 MeV. 
The count rate of a typical counter containing three 
cells is 0-7 c/s for one maximum permissible level 
(m.p.1.) of fast neutrons, i.e. a flux which would produce 
a dose rate of 7-5 mrem/h in the body. An equivalent 
count rate is produced by 200 m.p.]. gamma radiation 
or 100 m.p.l. thermal neutrons. 


Assay of low activity levels 


A further application of gas ionization counters in- 
volving both G.M. and proportional counters is in the 
assay of samples having a very low activity, a particu- 
lar example of great interest being the estimation of 
the age of carbon-containing specimens by assay of the 
C-14 content. The principles of the method are well 
known (4) and need not be discussed here, except to 
note that the specific activity of ‘living’ carbon is 
about 13 disintegrations/min. per gram of carbon, the 
half-life is 5658 years, and the decay results in the 
emission of beta particles with a maximum energy of 
140 keV. 
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Fast neutron proportional counter consists of a series of 
polythene-lined cells with a common tungsten wire anode 
(Fig. 2) 


The method normally adopted for the measurement 
of this activity is to convert the sample to a gas, usua’'y 
CO., C,H, or CH,, which can be used as the filling ¢ is 
of a proportional counter. The volume of gas may va y 
between 0-5-5 litres at s.t.p., and the gas pressure w ll 
be between 35 and 220 cm Hg, so the counter will ha 
a volume of 0°5-2 litres. The total disintegration r: 


oO 


e 
of a sample 22,000 years old will be 0-8 d.p.m. for 2 
litres of CO. or 1°63 d.p.m. for a similar volume >f 


C.H-. Since the unshielded background of such a cou 
ter will be approximately 300-1000 c/min, the proble.1 
is essentially one of reducing the background by 
factor of 400. This problem is, of course, not peculia 
to radiocarbon dating. 

The background count-rate will be due to thr 
causes, excluding any spurious effect produced by th 
amplifying and recording circuits: 


Qo = ‘ 


oO 


o 


1. Cosmic radiation 
2. Natural activity of the surroundings, including the 
material of the shield 
3. Activity of the materials of which the counter is 
constructed. 
The first two make roughly equal contributions to the 
total background, and are very much greater than the 
third. The cosmic ray component of background is 
largely due to energetic charged particles—mesons- 
which are detected with almost 100% efficiency by the 
counter, although their range is very much greater than 
the dimension of the counter. Thus if the sample coun- 
ter is surrounded completely by a ring of G.M. coun- 
ters having a filling pressure high enough to detect the 
passage of a meson with 100% efficiency, two pulses 
will be produced coincidentally in time as the particle 
passes through at least one counter in the ring and the 
central sample counter. It is arranged electronically 
that only those pulses from the sample counter are 
accepted which are not accompanied by a coincident 
pulse from a counter in the ‘anti-coincidence’ ring 
which may be a number of separate counters or a 
composite counter with multiple anodes in a common 
envelope. G.M. counters are employed since the large 
pulses produced require very little amplification, and 
the dead-time losses are insignificant at the background 
counting rates of 1-5 c/s. 

Gamma radiation due to the surroundings may be 
reduced by surrounding the counter and its anti-coinci- 
dence ring by a large mass of material which is itself 
free from contamination. Lead may be used, but 
“modern” lead will contain RaD (22 years half-life) 
and its daughters RaE and Raf, and there is a signi- 
ficant contribution to the counter background due to 
Bremsstrahlung from RaE. Thus lead purified 150-200 
years ago must be used. A common alternative material 
is mild steel, though it is usually necessary to assay 
samples from each batch for freedom from Co-60 
before the shield is assembled, to a total thickness of up 
to 20 cm. Any residual gamma activity produced by 
mesons stopped in the shield or by contamination of 
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the anti-coincidence counters, may be eliminated by 
surrounding the sample counter with a 2-5 cm thickness 
of pure Hg inside the anti-coincidence ring. The total 
weight of such a shield for a counter of 0°6 litres 
volume at S.t.p. is approx. 6 tons. 

Contamination produced by the sample counter itself 
can only be eliminated by careful attention to the con- 
structional materials, and by assembling in a laboratory 
which is free from activity. Nickel-plated mild steel has 
been used with success, as has stainless steel, though 
the best solution is probably that of de Vries, who 
uses an oxygen-free copper vacuum envelope contain- 
ing a pure silica liner having a thin film of gold on the 
inner surface to produce a conducting cathode surface. 
Insulating materials are often a source of contamina- 
tion, due for instance to K-40 in glass and in many 
ceramics. The insulator assemblies have to be carefully 
designed to minimize the effect of this contamination. 
The resultant background of a counter with a volume 
of | litre at s.t.p. will be 1-3 c/min. 

To examine the relative importance of the back- 
ground and net sample count rates, B and S, respec- 
tively, assume that § is small compared with B and 
that equal times are spent in counting the background 
and sample. Then the fractional error in the net sample 
rate 1s 


((S + Byt + Bry'/St, 


6, 

S 
where %, is the standard deviation and ¢ is the counting 
time. It can then be shown (5) that if B,, S, are initial 
figures and B., S, are obtained by alteration of some 
parameter, the counting statistics will be improved if 

B, — (S»/S,\o(14-2B,/S, - S/S) 

|e 2B,/S, 
and in the limit, when S,/B, — 0, this reduces to 

S2/B, > S?/B, 
The background can therefore be allowed to increase 
as rapidly as the square of the sample activity even in 
this worst case. If S,/B, > 0 the increase can be even 
more rapid, so that it may be more profitable to devise 
means of increasing the sample count rate rather than 
to decrease the background to the lowest figure possible. 





Thickness gauging 


One field of great industrial interest is the measure- 
ment of thickness of moving material without direct 
contact with the material. Since the techniques illustrate 
the usefulriess of several types of radiation, it is instruc- 
tive to consider them here. The simplest type of thick- 
ness gauge only gives information concerning the pres- 
ence or absence of the material, as might be required 
on a package filling line when cartons that have in- 
advertently been left empty must be rejected. This 
simple test may be accomplished by arranging for the 
line of packages to pass between a beta-emitting source 
and a G.M. counter, when an empty package, will pro- 
duce less attentuation of the radiation than a full one. 
The simplicity of operation of the G.M. counter can 


NUCLEAR POWER June 1959 


1MeV photo-peak due 
to direct radiation 








photo-peak, scattered 


radiation, 
ry 
/\ Compton continuum 
. 4 direct radiation 





~ 


counts /sec 








pulse amplitude (energy) 
Principle of the gamma back-scattering thickness gauge for 
fairly thick material with access on one side only (Fig. 3) 


be utilized and accuracy or stability are not required 
since the device merely acts as a switch. 

Certain industries have been interested in monitor- 
ing continuously their products: in particular in paper 
making and coating, plastic sheet production, linoleum 
making and metal rolling. In these cases, where the 
detector must be rugged and extremely reliable, the 
beta-sensitive ionization chamber is used (6,7). Where 
both sides of the product sheet are accessible a strip 
of beta emitter (Tl-204) is placed on one side and the 
ion chamber on the other. By suitable choice of source 
the response of the ion chamber can be made to vary 
roughly logarithmically with the weight per unit area 
of absorbing material. Provided that the voltage applied 
to the ion chamber is sufficient to allow complete col- 
lection of the maximum current in the absence of any 
absorber, the main sources of error arise due to varia- 
tions in the high value resistor at the input to the d.c. 
amplifier and to statistical fluctuations in the ion cur- 
rent. By placing the source and ion chamber on the 
same side of the sheet and detecting back-scattered 
beta radiation it is possible to measure the depth of a 
thin coating of one material on another, but the source 
strength has to be greatly increased, and the fluor- 
escence X-ray technique discussed earlier affords a more 
elegant method of achieving the same object. 

For the measurement of comparatively thick material 
e.g. the thickness of metal plate or pipes, where access 
is limited to one side, the reduction of energy of 
gamma-radiation following Compton scattering can be 
used in conjunction with a scintillation counter (8). 
When a gamma photon of energy Fy is scattered 
through 180° the energy of the scattered photon E’y 
is given by 

E’y = Ey/(1 + 4Ey) 
As Ey increases, E’y approaches a maximum value of 
0:25 MeV, and for high values of Ey (> 0-75 MeV) the 
variation in energy of the scattered quanta is small, but 
the difference in energy between incident and scattered 
quanta is large. Thus if a | MeV gamma source is 
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Spectrum of Ra gamma rays taken with two-crystal gamma 
spectrometer (Fig. 4) 

placed close to the material whose thickness is to be 
measured and a scintillation counter arranged behind 
the source on the same side of the sheet, the pulse 
height spectrum will show a large peak at 1 MeV 
corresponding to photoelectric absorption of the direct 
radiation and a smaller peak at 0:2 MeV corresponding 
to photoelectric absorption of the back-scattered quan- 
tum superimposed on the Compton distribution of the 
incident radiation (see Figure 3). 

Since these energies are widely different no difficulty 
arises in separating them even without shielding from 
the primary radiation. The discriminator and ratemeter 
circuits accept only those pulses corresponding to the 
scattered radiation photo-peak, and variations in this 
output may be related to material thickness. By making 
this gate fairly narrow only those photons are detected 
which have been back-scattered through 180° and 
hence the device is self-collimating. This confines the 
measurement of thickness to a small area, and hence 
local fluctuations due to corrosion pitting in pipes may 
readily be detected, using a 20uc source of Co-60. The 
apparatus may be made easily transportable. 


Gamma scintillation spectrometry 


An important general application of the scintillation 
counter is in gamma-ray spectrometry, since the detec- 
tion efficiency of a Nal(Tl) crystal is high even at 
photon energies of 2-5 MeV, and this is coupled with 
good energy resolution above 200 keV: a typical figure 
is 7°5°. full width at half maximum height at 0°66 MeV. 
Fhis figure applies to the photoelectric absorption peak, 
but in a spectrum containing several such peaks the 
problem of identification is complicated by the presence 
of a Compton-scattered continuum for each gamma ray 
in addition to the main peak. This has the effect of 
increasing the background count rate at lower energies 
which may mask other low intensity photo-peaks. 

The difficulty may be overcome by the use of large 
crystals to decrease the probability of escape of the 
scattered photons, or by coincidence cancellation of the 
Compton photons with another crystal, but a less ex- 
pensive and simpler method is to expose the gamma- 
ray source simultaneously to sodium iodide and anthra- 
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cene scintillation counters (9). The mean atomic number 
of anthracene is much less than that of sodium iodide 
and hence the photoelectric effect is unimportant except 
at very low energies so that absorption of energy take 
place largely by the Compton scattering process. The 
Compton continua from the two crystals are matched 
in energy (pulse height) by adjusting the supply volt 
ages to the photomultipliers, and in count rate by 
adjusting the position of the source between the two 
crystals. Outputs from the two counters are subtracted 
electronically so that each gamma energy is represented 
only by a photoelectric peak in the recorded spectrum. 
The effect of this technique is clearly shown in a study 
of the gamma rays from radium (Figure 4). 

It is possible to use the method for radioactivation 
analysis of a sample without recourse to chemical 
methods. As an example, by irradiating a 1 g specimen 
of ‘super-pure’ aluminium in Bepo and plotting the 
resultant gamma spectrum at different times after irra- 
diation, the presence of 10°-10° g of manganese, gal- 
lium, copper, hafnium and scandium could easily be 
detected (/0). Another example of this method is an 
analysis of the gamma spectrum of fission products 
from slow neutron irradiation of U-235 (9). An 0-006 g 
sample was irradiated, and the spectrum plotted at 
various times up to 1000 hours after irradiation. An 
examination of the energy of a peak and its rate of 
decay enabled seventeen activities to be positively iden- 
tified, without any chemical separation. 


a” 


Whole-body monitors 


The high gamma efficiencies available with large scin- 
tillation phosphors has made it possible to measure 
directly the presence of very small quantities of radio- 
activity ingested or absorbed in the human body; this 
may be accomplished with liquid scintillators or with 
large Nal crystals. The latter method gives information 
on the energy in addition to the level of the radiations, 
and hence is capable of identifying the activities. 

A spectacular example of the scintillation counter 
method of assay is the construction of a liquid scintil- 
lator tank containing 530 litres of liquid and viewed by 
108 2-in. photomultipliers, which has been constructed 
(11) to study the overall radioactivity of the human 
body. The tank is shielded with 5 in. lead and the 
subject is inserted into the central tunnel which is 6 ft 
long and 18 in. dia. The operating background of the 
detector when measuring gamma rays from 1-2 MeV 
energy is 200-400 c/s, but since the sensitivity is so 
high the body content of K-40 (approx. 5 x 10-‘yc) can 
be measured to 5% in a 100 second counting time. 
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Cross Section » craccius 


THE row in the House of Commons 
about private manufacture of fuel ele- 
ments only reflected the general ignor- 
ance and confusion that exists on the 
subject—and not only among MPs. 
Nevertheless the situation is pro- 
foundly unsatisfactory and the Nuclear 
Installations (Licensing and Insurance) 
Bill, now in the committee stages, is 
now a long overdue measure. The fact 
that Marston Excelsior have for years 
been assembling enriched fuel plates 
with Dido-type elements is certainly 
not news to readers of this magazine 
and had, I thought, been general know- 
ledge for a long time. Now, ICI pro- 
duce a brochure in which they briefly 
mention the fact and before they 
know what's happened there are ques- 
tions in the House, As a matter of 
fact, ICI was the first organization 
in the country to produce metallic 
uranium in any quantity, way back 
in 1942, and this is the first time any- 
one has complained. It was made per- 
fectly clear by the Prime Minister that 
Marston merely assemble the plates 
but the fact of course remains that they 
handle enriched uranium and it is a 
matter of some concern that the legal 
aspects of this are not yet tidied up. 
They are incidentally not the only 
company who have to deal with en- 
riched uranium and at present they all 
operate in an obscure legal fog. 


As far as I know there has never been 
any suggestion that private industry 
take over the manufacture of fuel ele- 
ments for the CEGB stations although 
that could come in time. As a matter 
of fact the AEA are just beginning to 
make quite a tidy sum out of this and 
it seems unlikely that they would will- 
ingly give it up. Nevertheless as ad- 
vanced reactors develop, needing com- 
paratively small amounts of enriched 
fuel, private industry must be expected 
to take over some of this work. In- 
deed Mr. Macmillan said that Rolls- 
Royce would in fact be making the 
elements for British submarines, Thus 
it is essential that a rigorous licensing 
and inspection system be got ready 
with no more delay. 


The provisions of the Bill are very 
wide and when it becomes law any 
nuclear * installation ’"—and that doesn’t 
mean just reactors but virtually any 
place outside the AEA establishments 
in which fissionable material might 
happen to be—will have to be licensed 
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and subjected to inspection by the 
Minister of Power or the Secretary 
of State for Scotland. How these 
bodies—particluarly the  latter—are 
going to go about this seems rather 
a problem. Presumably, at least for a 
start, they would delegate this func- 
tion to the AEA who at the moment 
have a virtual monopoly of this kind 
of knowhow. It is proposed incident- 
ally that a nuclear site licence will 
only be granted to a ‘ body corporate ° 
(e.g. a private or public company) and 
will not be transferable. Labour 
efforts to get this limited to statutory 
undertakings (such as the CEGB) or 
research organizations were defeated. 
The Nuclear Installations Bill should 
certainly have passed through all its 
stages by the summer recess. This 
might allow the Act to come into 
force by the turn of the year. 





CHAPELCROSS hardly got the publi- 





city it deserved—it is a fine plant, 
carried through most expeditiously. 
The most interesting thing about it I 
think was the fact that unlike Calder 
or the CEGB stations a firm of con- 
sulting engineers was responsible for 
supervising the construction. This pro- 
fession is often inclined to be regarded 
as a back number by many nuclear 
people and certainly there are only a 
handful of such firms in this country 
capable of handling a nuclear power 
station. Of course the reactors were 
already designed by the AEA, but this 
particular firm must have gained in- 
valuable experience in adapting the 
design to a different site and they are 
now presumably well equipped to take 
on a bigger job. 


On the occasion of the opening there 
was once again an outbreak among 
the newspaper correspondents of the 
popular pastime ‘how many bombs 
per year?’ I do not presume to know 
how much plutonium goes into a 
bomb but it is easy enough to make 
a fair shot at the output of the ex- 
plosive. 


A. basic fact of any reactor is that the 
fission of 1 gram of U-235 produces 
almost exactly 1 megawatt-day of heat. 
In fissioning, the neutrons emitted from 
one U-235 atom produce a certain 
amount of Pu-239 from the U-238. 
The amount created varies with the 
type of reactor but it has been stated 
publicly on many occasions that in 
the Calder Hall type, the conversion 


ratio is about 0-85, Now at full load 
the reactor heat output is 200 MW, 
so it burns 200 grams U-235 in a day, 
at the same time creating 170 grams 
of Pu-239. Up to this stage we are 
sure of our facts. Now comes an un- 
certainty—how many days of full 
power operation do they get in a 
year? Remembering that the reactor 
has to be shut down for fuelling, let us 
make a guess of 60% load factor— 
say 220 days. Thus each reactor should 
produce about 37 kg Pu a year. With 
four on the line we get 150 kg or about 
3301b a year. Doesn’t sound much, 
does it? 


HE Galbraith Hearings—what we’ve 
been allowed to hear, that is—have 
been greeted with floods of relief after 
what seems like an eternity of natural 
uranium bread (frightfully good for us 
of course), Now we're suddenly con- 
fronted with a dazzling array of cakes 
(all more or less home-made, if not 
all to indigeneous recipes) and the 
choice is of course terribly difficult. 
How many can we have? Will they 
g.ve us indigestion—or worse? Here 
then is Gracchus’ assessment of the 
selection : 
nourishing—the AEA’s AGR 
fruity—GEC’s gas-cooled 
spicy—Vicker’s steam-cooled 
sweet—Hawker Siddeley’; OMR 
hot—de Havilland’s HTGR 
smooth—B & W’s PWR 
tempting—Mitchell’s BWR 
delicious—AEI/JT’s BWR 
How will they work out? One must, 
I feel, qualify for the title ‘most 
stodgy.’ Award of this however must 
await events. 


FOR the seventh year the Waverley Gold 


Medal is being offered together with 
a prize of £100 for the best essay of 
about 3000 words on a new scientific 
project or practical development. Spon- 
sored by Research the competition is 
open to anyone at present engaged in 
scientific work and entries are due by 
July 31. I can supply further details 
to anyone interested. 


On Record 


PENNEY’s TRIUMPH It will now 
be much easier for the Japanese, 
Italians, Germans, French and other 
nations building peaceful atom-power 
plants to make bombs.—London Daily 
Express. 


The time has gone when seekers after 
physical, chemical, or geological truth 
are popularly regarded as back-room 
boffins: probably bearded and untidy; 
possibly only vaguely beneficent, and 
invariably absent minded.—H.R.H. 
Princess Margaret. 


117 














INIULonistous 





ASPECTS of power reactor design 
were reviewed recently in an effort to 
find a system suitable for marine 
applications. The requirements of high 
temperatures and high thermal effi- 
ciency, combined with low output 
shaft speed, smooth and efficient oper- 
ation over a wide speed range, and 
the ability to reverse easily and rapidly 
provided an intriguing suggestion: a 
reciprocating engine operating on a 
gas cycle. 

A preliminary study indicates that 
a reciprocating engine coupled to a 
gas-cooled reactor with a system pres- 
sure of around 100 atmospheres will 
lead to a cycle efficiency of 30% and 
a unit output equal to or greater than 
that of modern diesels. Such an en- 
gine can be coupled to a gas-cooled 
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Reciprocating nuclear gas engine is de- 
signed for a thermodynamic cycle 
delivering gas to a reactor (Fig 1) 


reactor core of the type delineated in 
ORNL-2500 (/) but of the small size 
considered in subsequent studies direc- 
ted at reductions in capital investment 
(2). It has been shown that these small 
gas-cooled reactors will operate with 
low enrichments, with a low critical 
mass, and with a good conversion 
ratio; they should permit high fuel 
burnups with low fuel fabrication 
costs and thus the overall fuel cost 
will be low. Studies indicate that, for 
modest power densities, the materials 
combination chosen leads to a system 
remarkably good from the hazards 
standpoint, and hence the extra cost 
and complexity introduced by hazards 
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A new concept in power plants 


by A. P. FRAAS, Oak Ridge National Laboratory 


considerations appears to be substan- 
tially less than for other types of reac- 
tor. 

The proposed reciprocating nuclear 
gas engine (Fig. 1) is designed for a 
thermodynamic cycle in which the gas 
is compressed and delivered to a reac- 
tor. After heating, gas is returned to 
the cylinder in which it is expanded 
to do work. At the end of the expan- 
sion stroke the piston uncovers ports 
which permit loop-scavenging of the 
cylinder by a low-pressure gas system 
which includes a cooler and a blower 
to complete the thermodynamic cycle. 
[he piston would approach the top of 
the cylinder very closely so that the 
clearance volume would be almost 
trivial. The exhaust valve would open 
as the piston approached top dead 
centre and would close as it reached 
there. The intake valve would open 
at top dead centre to admit hot gas 
and would remain open until the 
piston had moved part way down in 
the cylinder (Fig. 2). 


Helium and nitrogen promising 

From the materials compatibility 
standpoint the most promising work- 
ing fluids for this application are 
helium and nitrogen. Either can be 
used with stainless steel, carbon steel, 
and graphite up to temperatures well 
above 1500°F. Helium is attractive be- 
cause its good heat transfer character- 
istics and high ratio of specific heats 
makes possible a high thermal effi- 
ciency with a volumetric compression 
ratio of around 3:1. 

Nitrogen could be used and a good 
thermal efficiency obtained with a 
compression ratio of about 5:1 but, 
although it has the advantage of low 
cost, the m.e.p. and hence the output 
for a given size is about one-third 
less than for helium. The poorer heat 
transfer performance of nitrogen 
would also yield a somewhat lower 
output from a given size of reactor. 
Its most important shortcoming rela- 
tive to helium is that it entails much 
higher pumping losses in both the high 
and low pressure circuits. 

Because of its ready availability, 
however, nitrogen was used as a basis 
for a conceptual study of a plant for 
the NS Savannah. 

The reactor design follows closely 
that of the GCR-2 presented in 


ORNL-2500. The fuel elements would 
be the same except that their len.:th 
would be 24 in. instead of 40 in. The 
limiting stainless steel capsule tem- 
perature would be the same (1500 F) 
but the much higher heat transfer co- 
efficient available at 1500 1b/in.? per- 
mits increasing the gas outlet tempera- 
ture 100°F. A development programme 
for these fuel elements is now well 
underway. Fuelling would be essentially 
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Idealized cycle operating on _ helium 
with a compression ratio of 3:1 (Fig 2) 


the same as GCR-2 although an addi- 
tional locking device would be re- 
quired to hold the tuel element against 
the accelerations experienced aboard 
ship. The control rod drive mechan- 
isms would differ from those of the 
GCR-2 in that a rack-and-pinion drive 
would be used instead of a winch. 
Seven control rods would be em- 
ployed, one in each of the fuel charge 
tubes. As in the GCR-2 the actuating 
mechanism would operate at the sys- 
tem pressure to avoid the need for 
seals. 

The Cooper-Bessemer LSV12 diesel 
was chosen as the basis for the engine. 
These are currently built for marine 
applications with two, three, and four 
engines connected through electric 
couplings and a reduction gear to a 
single propeller shaft. 

This study, which is more fully re- 
ported in the Proceedings of the 1958 
Nuclear Merchant Ship Symposium 
(USAEC), indicates that the total cost 
of the nuclear power plant, exclud- 
ing development work on the engine, 
would be about $M9 which is about 
60% of the Savannah's pressurized 
water system. 

Some of the problems expected in 
the development are as follows: en- 
gine breathing and leak-tightness, pre- 
vention of lubricating oil in the gas 
circuit, fuel element»-security against 
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accelerations, startup and after-heat 
removal, control—particularly during 
manoeuvring. 

Specifications for the Proposed Nuclear 


Gas Engine Power Plant—NGE-1 
GENERAI 


Shaft horsepower 20 / 22,000 
Reactor power (max.) 60 MW 
Overall thermal efficiency 30%, 
REACTOR 
Fuel element UO: ins.s, 
capsules 
Moderator Graphite 
Lattice pitch 8-0 in. 
Core diameter 8-5 ft 
Core length 10-0 ft 


No. fuel elements 4655 capsules 
665 assemblies 
No. fuel channels 133 


Pressure vessel 1.D. 12 ft 8 in. 
Pressure vessel 
thickness 8 in. 


Nuclear Tech: Vy 


Pressure vessel height 23 ft 

Shield O.D. 26 ft 

Snield height 32 ft 
ENGINE 

No. of main propulsion 

engines 

Bore 15-5 in. 

Stroke 22 in. 

No. of cylinders 12 (V) 

Speed 335 rev/min 

Compression ratio 4:8 

Power per engine 7500 b.h.p. 

Brake m.e.p. 130 lb /in.’ 


GAS SYSTEM 

Total gas system volume 1800 ft* 
high pressure system 1200 ft* 
low pressure system 600 ft 
Gas flow at full power 465 |b/s 

Gas temperature, 
reactor inlet 

Gas temperature, 
reactor outlet 1100°F 


600° F 





Materials 


Gas temperature, 


cooler inlet 470°F 
Gas temperature, ’ 
cooler outlet 90°F 


Pressure at cylinder 
discharge port 1500 1b/in.* 

Pressure at cylinder 
return port 1456 lb/in.” 


Pressure at cooler inlet 157 |b/in.’ 
Pressure at cooler 
outlet 1521b/in.* 
Pressure at cylinder 
intake port 165 1b/in.’ 
Gas density at cylinder 
discharge port 3-7 |b/ft* 


Gas density at cooler 
outlet -7231b/ft 
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58-7-55. Sep. 1958 


A comparison of argon and helium welding shields 
by J. BARKER, M. & C. Nuclear Inc. 


THE purpose of this experiment was 
to determine the differences in weld 
puddles obtained by helium and argon 
shielding and to present the results 
in a usable form. 
One piece of zircaloy-2, 16 in. 

5 in ‘500 in. was obtained from 
scrap. This was sawed into two pieces, 
each 8 in. long. One piece was placed 
in a drybox evacuated to less than -03 
microns and then _ backfilled with 
helium to 4 in. pressure. Five weld 
beads were run on the piece at 100, 
200, 300, 400 and 500 amps with at 
least one hour wait between welds. 
The reference voltage was set at 15 
volts and the speed at 8 in. per min- 
ute. In all cases, the electrode size was 
appropriate for the amperage used. 
For the second piece, the drybox was 
evacuated to less than -03 microns and 
then backfilled to + 4 in. argon. Five 
more weld beads were run at the same 
amperages and speed, but in this case, 
the reference voltage was set at 12 for 
the arc lengths to be comparable. 





Weld puddles at left were produced with argon shield, at right with helium. 

Conditions were: top left, 200A, 12 V giving 0-078 in. depth, 0-328 in. width; 

bottom left, 300A, 12V, giving 0-172 in. by 0-453 in.; top right, 200A, ISV, 

giving 0-113 in. by 0-406 in.; bottom right, 300 A, 15 V, giving 0-210 in. by 0-500 in. 
(Fig 2 


The two specimens were then ex- 
amined metallographically. Each weld 
bead was sectioned at right angles to 
the direction of the weld travel, 
polished, etched for grain size and 
then photographed. Measurements of 
depth and width of weld puddle are 


Welding current had a marked effect on the depth and width of weld puddle 
produced in the zircaloy-2 specimen (Fig 1) 





probably subject to =10% error, espe- 
cially the former which, in some cases, 
shows very little demarcation between 
the heat-affected zone and the actual 
molten metal. 

The comparable results are shown in 
Fig. 1. Note that the depth lines be- 
tween 200 and 400 amps, for both 
argon and helium, fall close to a 
straight line. At 500 amps, the argon 
line is still straight, but the helium 
shows much more penetration. This is 
due to the fact that there is not enough 
cooling in a + in. piece of zircaloy, 
and with the heat-affected zone all the 
way through the piece, the arc is able 
to melt more and penetration goes up 
rapidly. With a sufficient mass of zir- 
caloy or good copper chills, penetra- 
tion at 500 amps in helium could be 
expected to fall at about -400 in. 


depth. 


The width line on the graph would 


also fall close to a straight line if the 
arc voltage control was not used. At 


the higher amperages, the arc forces 
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a depression in the molten metal and 
since arc length is controlled by volt- 
age, the electrode lowers itself into this 
depression. At 500 amps in argon, the 
tip of the electrode is estimated to be 
approximately } in. below the flat sur- 
face of the work. This means that 


most of the molten metal is also be- 
low the surface and as a result, the 
apparent puddle width on top of the 
piece is narrower than might be ex- 
pected. Trials without arc voltage con- 
trol have not been made, but it is be- 
lieved that the puddle width would 
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THE WORK described here started 
with a general commitment to investi- 
gate the separation of certain fission 
products from concentrates containing 
up to | curie activity per millilitre. Sug- 
gested processes were finally tested on 
hundreds of curies of fission products 
in a large concrete cell. Such work 
was necessarily slow so, to save time, 
as much active work as possible was 
done on the millilitre scale in shielded 
fume cupboards using equipment de- 
signed to be simple, safe and versatile. 
In this way much valuable information 
on the suggested processes was ob- 
tained relatively very quickly. A full 
account of the equipment and tech- 
niques used in working on the milli- 
litre scale is given in UKAEA report no. 
AERE C/R 2622. The following is an 
outline of some of the features. 
Three fume cupboards were adapted 
for experimental work on old (1-8 
years) fission product concentrates. The 
work consisted of general solution 
chemistry with precipitations and eva- 
porations but did not involve dry solid 
or volatile active materials. Because 
of the need for versatility, the appara- 
tus was made as simple as possible 








Working space in the cells was adequate 
to perform operations one at a time 
but careful planning was needed to 
avoid congestion and it was advisable 
to have adequate storage space for 
apparatus not in use 

1. strip lighting; 2. pipette rack; 3. C7 poly- 
thene stopper/glass sockets (all others are C12); 
4. liquid feed; 5. clamps and frame; 6. } in. 
tong unit; 7, holding blocks; 8. perspex holders; 
9. vial piercing device; 10. active sampling 
point; 11. stirrer; 12. local shielding of active 
pot; 13. 4 in. lead wall; 14. Dexion framework; 
15. ball and socket joints; 16. perspex shelving; 
17. waste disposal; 18. lead shield storage; 

19. centrifuge; 20. evaporator 





then fall very close to a straight | ne 
both for argon and helium. It sho:ld 
be noted (Fig. 2) that the grain sizes of 
the helium welds are larger than the 
argon welds at the same amperage, ! ut 
for a given penetration, the grain sizes 
are about equal. 


Handling curie levels of beta-gamma active solutions 


by J. H. MOSS, G. P. KITT and P. E. BROWN, 4.£.R.E., Harwell 


which also made for rugged construc- 
tion (few breakages), rapid manufac- 
ture, few handling mistakes, ease of 
decontamination and cheapness, all of 
which were desirable. To avoid crowd- 
ing the working space, apparatus was 
kept small and solution volumes of 1- 
40 ml were commonly used, though 
these volumes could be changed by a 
factor of ten either way. The small 
volumes used enabled solutions of re- 
latively high specific activity (up to 2 
curies/ml) to be investigated behind a 
standard 4 in. lead wall. Equipment 
was designed, as far as possible, for 
remote replacement so that contamin- 
ated apparatus could be removed and 
new experiments set up quickly. 


Double containers used 

In order to reduce contamination, 
the standard double container practice 
was used and all operations were, as 
far as _ possible, totally enclosed. 
Graduated, stoppered centrifuge tubes, 
which had to be used for centrifuging, 
were used also wherever possible for 
experiments ; standardization of con- 
tainers and tops of tubes (C 12 soc- 
kets) considerably reduced the amount 
of apparatus required. Polythene stop- 
pers were regularly used in this work. 
Apparatus was designed for the addi- 
tion of reagents, sampling, centrifug- 
ing, heating, evaporating, stirring, ion 
exchange work and analysis. Liquids 
were moved by remote manual suction 
through 1-0 mm polythene and stain- 
less steel hypodermic tubing, the depth 
of liquid take off being controlled by 
varying the height of the hypodermic 
tube in the liquid. For transfer of ac- 
tive liquids in and out of the cell 
polythene tubes were used which could 
be heat sealed and cut without any 
escape of activity. Small samples of 
solution were taken for normal radio- 
chemical analysis but trace levels of 
inactive components were determined 
colorimetrically in a remotely con- 
trolled Spekker (/) on larger samples 
of solution, This method of analysis 
was preferred to the preparation of 
cassettes for spectrographic analysis. 


Active waste was normally disposed of 
in a liquid form, contaminated solid 
apparatus being washed out before re- 
moval from the cell. Solid waste was 
kept to a minimum and was safely re- 
moved in plastic bags using Cee Vee 
reachers. 

Three adjacent fume cupboards were 
used and in each a lead brick wall 
was built to protect the whole front 
and some side faces, the depth of 
each shielded space being about 
2 ft 6 in. The centre cupboard was 
used for highest activity work and 
had no frontal access but was con- 
nected at the rear to the other two 
cupboards which were used for ana- 
lysis, and for miscellaneous specialized 
apparatus. These cupboard had direct 
access outside through bung ports. 
The lead walls, normally 4 in. thick 
except in the analytical cupboard 
where 2 in. shielding sufficed, con- 
tained as standard items (2) ball joint 
units with 4 in. shafted 3 foot tongs 
(4 per cupboard), 2 in. bung port units 
for access (4 in. bung port units are 
much heavier and were not found 
necessary) and 6 by 6 in. lead-glass 
window units for viewing. Large tilting 
mirrors over the top of each cupboard 
were also used for viewing. Tong 
change stations were not used due to 
lack of space and the danger of an 
active spill if replacement was faulty. 
Universal tong jaws were used on all 
tong heads and proved quite satisfac- 
tory for the operations undertaken. 
The lead bricks were effectively pro- 
tected from contamination by paint- 
ing thickly with Bostikote which gave 
a more reliable protection than p.v.c. 
sheeting. 

Routine working gave little free 
activity in the cell. Highly contamina- 
ted surfaces arose on solids which had 
been in contact with active liquids or 
with spray from these liquids. Appara- 
tus and operations were carefully de- 
signed to prevent exposure of these 
surfaces. Air stirring and bubbling (a 
potential hazard) was done through a 
vented filter if more than 1 minute’s 
stirring was required. Operations in 
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open tubes were avoided as they gave 
higher contamination levels (10 to 100 
times higher for routine operations). 
In routine working the chief spread 
of activity was from the tong jaws 
touching a contaminated object. To 
counter this p.v.c. jaw gloves were de- 
veloped which could be readily washed 
or replaced remotely. These worked 
well although they were slightly less 
sensitive than ungloved jaws. Attempts 
to fit p.v.c. gloves on Cee Vee reachers 
were less successful—these were pro- 
tected by a thin film of Bostikote. 
Possible escape of activity from the 
cell by various routes had to be pre- 
vented. The lead walls were heavily 


‘ bostikoted’ inside and out and no 
activity came through them. Care was 
taken to avoid touching the bung 
ports when posting out contaminated 
objects, The suck lines gave no trouble 
except when a powerful continuous 
suck was applied with a vacuum 
pump. Activity was then found in the 
pump oil—this was afterwards avoided 
by limiting the pumping rate and 
using an efficient scrubbing system. 
Activity was never observed in the air 
outside the cell showing the draught 
was an adequate protection of the 
gap at the top of the lead wall. The 
tong shafts caused most trouble, espe- 
cially once when spray from a spill 
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fell on the tongs. External tong gloves 
were fitted as the cell wall had already 
been built. 

Radiation shielding was adequate 
and 10 curies of caesium were held 
safety in the cell. There was no trouble 
with scattered radiation and even with 
a removed bung port the zone above 
tolerance radiation did not usually ex- 
tend more than 6 in. from the port. 


References : 

1. G. P. Kitt and J, H, Moss. A remotely-oper- 
ated Hilger Spekker absorptiometer for use with 
radioactive solutions, AERE C/M 356. (Sum- 
marized in NUCLEAR POWER 4, 34, 90.) 

2. A. B. Ritchie and R. A, G. Welcher, A review 
of remote handling equipment available at 
AERE, Glove Boxes and Shielded Cells. Lon- 
don: 1958, Butterworth. 


Calibration of neutron sources 


Methods used at the National Bureau of Standards 


IN the late 1940's, two nearly identi- 
cal radium-beryllium neutron sources 
were constructed by the National 
Bureau of Standards in Washington 
to serve as standards of neutron 
source strength. Each source consists 
of a capsule of 1g of radium in the 
centre of a beryllium sphere, 4 cm in 
diameter. One source, NBS-1l, serves 
as the National Neutron Standard: 
the second NBS-2, is loaned to other 
laboratories to intercompare sources 
throughout the world. It was recently 
sent to England and to Sweden for 
international intercomparisons. 

In the past, most national standard 
neutron sources have been radium- 
beryllium (a@,n) sources, made by mix- 
ing a radium-containing powder with 
beryllium powder. Although these 
sources have high neutron yields, they 
are not completely satisfactory because 
the neutron strength increases with 
lime as radium decays to polonium. 
Any change in state of the mixed 
powders can lead to a change in neu- 
tron emission rate, which is, of course, 
undesirable in a standard source. The 
capsule-in-sphere radium beryllium 
(yn) source overcomes this problem as 
neutrons are produced only by the 
gamma-rays from radium acting on 
the beryllium in the spherical shell. 

While these photoneutron sources 
are very well suited for standards, they 
are Inconvenient to work with in some 
laboratory situations because of large 
gamma-ray emission. More acceptable 
laboratory standard sources are plu- 
tonium-beryilium (@.n) sources, which 
have been made available by the 
Atomic Energy Commission. This type 
of source, which provides low gamma- 
ray emission and long half-life, is 
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sometimes used as a working stan- 
dard at the Bureau. 

The NBS standard neutron sources 
have been’ intercompared, either 
directly or indirectly, with the national 
standard neutron sources of all coun- 
tries known to maintain sources in- 
cluding the USSR. All of these sources 
are in agreement to within about 2% 
of the international mean value. 
Calibration methods 

The National Neutron Source has 
been calibrated absolutely in two dif- 
ferent ways. The first, and most 
tedious, method involved the measure- 





3 ai 


INBS neutron standard consists of a 

solid beryllium sphere, 4 cm dia., with 

a radium capsule enclosed at its geo- 
metrical centre 


ment of a thermal-neutron density in 
a water tank surrounding the source. 
In the idealized situation, the water 
tank is large enough so that it can be 
assumed no neutrons escape. Each 
neutron from the source must there- 
fore appear as a thermal neutron 
somewhere in the tank. By integrating 
the thermal-neutron density—measured 
by its effect on a foil calibrated in a 
known thermal-neutron density—the 
neutron emission rate of the source is 
obtained. 


The second type of absolute mea- 
surement of neutron source strength 
involves activating a water bath con- 
taining manganese sulphate. Neutrons 
from the source are slowed down in 
the bath and are captured finally 
either by manganese atoms or hydro- 
gen atoms. The number of mangan- 
ese atoms activated is measured by a 
method which amounts to absolute 
counting of the induced beta activity 
of the manganese. The fraction of 
neutrons lost to hydrogen is estimated 
either from the measured manganese 
and hydrogen thermal-neutron absorp- 
tion (cross sections) or by changing the 
concentration of manganese in the 
bath and comparing activations. 


The standard thermal-neutron flux 
geometry used for calibrating neutron 
fluxes consists of two symmetrically 
placed radium alpha-beryllium sources 
surrounded by lead and paraffin with 
a carbon-shielded detector slot in be- 
tween. The neutrons are slowed down 
by the shielding materials before 
reaching the slot. The thermal-neutron 
flux in this slot has been calibrated by 
absolute counting of the boron-10 
(n,v) reaction, the thermal-neutron 
cross section for this reaction being 
well known. From observations of the 
count rate in a proportional counter 
or pulse ionization chamber contain- 
ing a known amount of B-10, the ther- 
mal-neutron flux can be determined. 
The NBS standard thermal-neutron 
flux is known to within about 2%. 
Investigations are presently under way 
aimed at an independent calibration 
of this flux by beta-gamma coinci- 
dence counting of gold-198. Unknown 
fluxes are calibrated against the stan- 
dard by activating foils in both. 




















PROGRESS IN INDUSTRY 


Pressure vessel fabrication 


CONSTRUCTION of the four heat 
exchangers for the Advanced Gas 
Cooled Reactor (AGR) to be built at 
Windscale by the UKAEA is now 
well under way at the Derby works 
of International Combustion Ltd., 
who obtained this £500,000 contract 
last year against stiff competitive 
tendering. The work is being carried 
out mainly in the new Heavy Engin- 
eering Shop which was opened on 
April 24 by Lord Mills, Minister of 
Power. 

Planned long before the AGR con- 
tract was received, the new shop 
covers 68,250 ft* and is particularly 
well-equipped with the latest in heavy 
plate-working machinery. Delivery of 
the AGR exchangers is required by 
the end of 1959 and to achieve this, 
the shop construction schedule had to 
be advanced by six months. In addi- 
tion, a separate ‘clean-conditions ° 
building was required and this is now 
nearing completion. The firm are thus 
confident that with these production 
facilities, the AGR delivery dates will 
be fully met. 

During a recent visit to the plant, 


new heavy engineering shop at Derby 


we were shown the AGR exchanger 
production line by Mr R. Burleigh, a 
director of IC Ltd. and Works Man- 
ager at Derby. The shells are 11 ft 
6 in. dia, and about 80 ft high. The 
strakes are formed from a single 
1 7/16 in. plate except for the lowest, 
support, strake which is up to 2+ in. 
It was an AEA requirement, in view 
of possible modifications after oper- 
ation, that the shells be in three sec- 
tions joined by bolted circumferential 
flanges, seal-welded at site. The three 
component parts, reading upwards, 
consist of self-contained economizer, 
evaporator and superheater sections. 
This requirement gave the opportun- 
ity for completely tubing the exchang- 
ers at the works, since the weight of 
the sections is within the road trans- 
port limits. This is a new departure 
in power station construction and is 
possible of course only due to the 
relatively small size of the exchangers 
compared with those at the first 
round power stations. 

Plates are first examined ultrasonic- 
ally and then cut to size on a flame 
planer. Weld edge preparation of J- 
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General view of the new Heavy Engineering Shop shows AGR heat exchangers 
sections in various stages of manufacture. Note top dome on the left complete 
with flange for bolting to the centre section 
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form is then done on a Hugh Smith 
machine capable of handling 35 ft. 
long plates. Rolling is done in two 
stages. Firstly the plate ends are given 
the correct curvaiure on a Fielding 
and Platt downstroking four-column 
2000-ton press using shapea forms. 
This machine can also be used for 
hot pressing of dished ends and petal 
plates, and a ‘plate heating furnace 
is conveniently located a few yards 
away. The AGR exchanger ends are 
however rotary spun by subcontract 
and not pressed at Derby. 

Rolling of the plates is now com- 
pleted on a Fielding and Platt 10-ft 
vertical plate bending press of 3000 
tons capacity. This machine can 
handle cold plate of from 3 to 4 in. 
depending on the curvature required 
There is also similar machine capable 
of handling plates 15 ft wide. The next 
step in heat exchanger manufacture 
is closing the longitudinal seam and 
this is done by the Unionmelt process 
using a Quasi-Arc boom welder (a 
similar machine was fully described 
in our December 1958 issue). Strakes 
are welded together circumferentially 
and then the flanges are fitted. For 
stress-relieving, the new shop houses 
two Dowson and Mason gas-fired fur- 
naces of different sizes. 

Tube elements are fabricated in 
another shop. Economizer and evap- 
orator banks are formed from Tube 
Product’s edge-welded helically finned 
tubing, while the superheater sections 
are of chrome-molybdenum _ plain 
tubing. Return bends are hand-welded 
using International ©Combustion’s 
broken are technique. There are some 
23,000 of these welds in the contract 
and every one is subject to a radio- 
graphic inspection from either side. 
with complete records kept. Unlike the 
Calder Hall exchangers and those in 
the CEGB power stations, the AGR 
ones will only have headers between 
sections, thus drastically reducing 
the number of thermal sleeves to be 
fitted. 


As mentioned previously, the tube 
banks will be fitted in the new clean 
conditions shop. The empty shell sec- 
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tions will be sealed at one end and 
the open end bolted round a circular 
opening in the wall. Working inside 
on the clean side of an air lock sys- 
tem the inside of the shell will then 
be cleaned using a Vacu-Blast Major 
machine. Meanwhile the assembled 
tube sections will have also been 
vacuum blasted. They will then be 
cleaned inside and out in an _ ultra- 
sonic bath of trichlorethylene. The 
final stage will be a comprehensive 
leak test schedule. After assembly of 
the elements in the shells they will be 
sealed off ready for transport to the 
site where, before unsealing, further 
clean conditions will be established. 
One of the company’s problems, Mr 
Burleigh told us, was that of educating 
the men to the quite unfamiliar tech- 
niques of clean conditions working and 


Artist’s impression of the clean condi- 

tions building at International Combus- 

tion's Derby works shows how the AGR 

heat exchanger sections will be cleaned 

and fitted with the extended surface 
tube banks 
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The ends of the AGR heat exchanger 
plates are first formed in a 2000-ton 
down-stroking press. The plates are 
ly in. thick 


this is being done by lectures and 
demonstrations on the importance of 
achieving the standards of cleanliness 
required. 

The new heavy engineering shop is 
the largest single-extension ever built 
at the Derby works and is designed to 
widen greatly the scope of the com- 
pany. As a constituent company of the 
Atomic Power Construction group, 
International Combustion are keenly 
interested in the result of the compe- 
tition for the Central Electricity Gen- 
erating Board’s 500 MW Trawsfynnyd 
power station. If APC obtain this con- 
tract the heat exchangers will be made 





Forming of the AGR heat exchanger 
plates is completed on a 3000-ton verti- 
cal machine. The next stage in manu- 
facture in the longitudinal seam weld 


here at Derby. To provide sufficient 
headroom for such very large shells 
(about 18 ft dia) the centre bay of the 
shop contains a welding pit 150 ft long 
by 25 ft wide by 12 ft deep. 

Work on the new shop began in 
January 1958 and the building was 
completed in September. Then began 
the job of preparing foundations for 
the heavy machinery and installing it. 
The building is 350 ft long and con- 
sists of a centre 75 ft bay with two 
flanking 65 ft bays. Each bay is served 
by two gantry cranes, the largest of 
50 tons capacity. A feature of the con- 
struction is the large amount of day- 
light from the double glazing. 

With this new facility, International 
Combustion should be well placed to 
handle any foreseeable nuclear con- 
tracts. 
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continued from p, 97 
For 3.10* < Ak, <8.10°* the instability is oscillatory 
and it may be concluded that the effect of xenon plays 
a crucial part in the reactor’s kinetic behaviour. For 
\ky > 8.10°* the time constant is purely real and the 
behaviour is thus dominated by the temperature effect. 
For a graphite power reactor at high irradiation it seems 
likely that a perturbation time constant of the order of 
20 minutes may be anticipated in the first azimuthal 
mode. 

For higher modes, the picture is basically similar to 
that given in Figure 3 but with a suitable shift of scale. 


Axial instability 

So far in our discussion of spatial instabilities, we 
have restricted consideration to radial and azimuthal 
modes. The problem of deciding whether perturbations 
entering through modes such as the first axial mode 
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lead to instability or not is more difficult than the cor- 
responding problem in the (r, #) plane, due to essentially 
axial effects such as coolant flow and control rod posi- 
tioning. 

It may be observed, however, that the transport of 
heat up the reactor by the coolant is a stabilizing fac- 
tor, for a fall in the neutron flux in the top half of the 
core is compensated by an increased flow of heat from 
the lower half where the flux has risen. It may be shown 
that the part played by the fuel and moderator axial 
temperature distribution depends upon the amount by 
which they differ from the axial distribution of coolant 
temperature. For an axially uniform core the terms 
T,* and 7,* occurring in the criteria for radial and 
azimuthal instability are, for axial effects, replaced by 
AT,* and AT,*, where A indicates the mean differ- 
ence between material and coolant temperature at the 
core mid-plane. The magnitude of the temperature effect 
thus depends upon the efficiency of heat transfer to the 
coolant. In gas-cooled graphite reactors the value of 
AT,* is small and the temperature contribution to the 
instability criterion correspondingly slight. In addition, 
the current civil reactor cores tend to have a rather 
squat geometry, so that axial leakage terms 

ifn ere w 
Lt 
are large. 

On the whole, it seems likely that axial instability will 

not be present in a typical civil reactor. 


Design of control system 

We have seen that typical graphite power reactors 
are unstable to fundamental, first azimuthal and possi- 
bly higher, modes of disturbance. Generally speaking, 
components of all these modes will be present in any 
perturbation to the neutron flux, which could arise from 
a definite fault condition or from a random statistical 
change, and thus the control system must be capable of 
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dealing with the spatial as well as fundamental typ: of 
instability. 

For the latter, absorber adjustment anywhere in the 
reactor core will suffice, provided that it is sufficie:tly 
rapid to be able to deal with a perturbation doub ing 
time of the order of two or three minutes. But to < eal 
with an instability in the f, mode for example, i. is 
necessary to introduce absorber into the region of in- 
creasing flux and withdraw absorber from the region of 
decreasing flux, albeit on a longer time scale. If ‘he 
nodal plane of the mode were fixed and defined, tien 
a control rod system in which rod movements were 
equal and opposite in opposite halves of the reactor 
would control the mode. This could be combined with 
a fundamental control system by having effectively in- 
dependent control and instrumentation for each half of 
the reactor. 

However, the position of the nodal plane of the f , 
mode will depend on the nature of the perturbation. 
Thus in order to allow for all positions of this nodal 
plane it is necessary to have several control systems 
each acting in a small sector region cf the reactor. This 
is even more necessary if higher azimuthal harmonics 
require control. In typical civil power reactors about 
eight such sectorial control regions are required. 


Radial instability 

For control against radial mode instability, e.g. f , 
mode, it is necessary to provide independently acting 
control within and outside some given radius (see Figure 
1). This could be combined with a sectorial system by 
introducing a controlled absorber near the core axis 
and ensuring that the sectorial control acts sufficiently 
close to the core perimeter. Clearly if the fundamental 
mode can be controlled, so can the flux shape, provided 
a sufficient number of independent control regions with 
adequate capacity is available. For control against pos- 
sible axial instability (e.g. f , mode), somewhat different 
detailed problems are posed. In the azimuthal cases de- 
tection of disturbances can be through gas outlet tem- 
perature measurements, whereas in the axial case detec- 
tion is required along the channel. Similarly in the axial 
case it must be possible to add and remove absorber 
along the length of the reactor. 

As yet, no experience has been obtained in this coun- 
try of the operation of reactors which would exhibit 
spatial instabilities. The Calder Hall reactors, whilst 
showing fundamental instability, are too small and too 
lowly rated to be spatially unstable. In the US side-to- 
side oscillations in neutron flux with periods of about 
24 hours have been encountered in the PWR at Ship- 
pingport (5). It is reported that the technique of correct- 
ing the flux distribution by control rod_ positioning is 
quite satisfactory. 
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POWDER METALLURGY 
new type ball mill 
Apex Construction have recently exten- 
ded their range of vibratory ball mills. 
Ten models are now available with 
working capacities from 0-5 to 250 litres. 
[he Apex Vibratory Ball Mill No. 163 
operates On a new principle by which the 
mill, instead of rotating to cause the 
balls to cascade, are non-revolving and 





The small Apex Mill illustrates the prin- 

ciple. The pot is supported on springs 

and is caused to vibrate through an 
out-of-balance mechanism 


subjected to a vibratory motion. As the 
frequency of vibration is high, the balls 
rapidly subject the material to impacts 
and at the same time rotate in a circu- 
lar motion. As a result of this novel 
principle, materials can be pulverized to 
a 1 micron size, size reduction is more 
rapid, and materials which previously 
resisted disintegration down to impalp- 
able sizes are now capable of such size 
reduction. At any stage of the size reduc- 
tion the range of particle size is small 
and there 1s an absence of excessive 
quantities of fine material which cushion 
the impact of the balls and material and 
cause wastage of power. Resulting from 
these characteristics the mill can dispense 
with screening or air sizing of the pro- 
duct as there are never any particles 
much larger than the average of the 
whole batch. 

The smaller sizes normally consist ot 
cylindrical pots but the larger sizes use 
troughs closed with lids. In the smaller 
sizes the pot is either porcelain or stain- 
less steel; in the larger sizes it is mild 
or stainless steel. Rubber lined vessels 
are also available and the larger sizes 
Balls are either 
Porcelain or non-corrodible steel. 

Tick No 208 on reply card 


can be water-cooled, 


THERMONUCLEAR 
stainless bellows for Zeta 1A 


One of the main modifications to Har- 
well’s toroidal thermonuclear pinch ap- 
Paratus Zeta has been the fitting of a 
continuous stainless steel liner system. 
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Details of the modification were dis- 
closed to the Institution of Electrical 
Engineers’ recent convention on thermo- 
nuclear processes. 

In the original Zeta, the life of the 
torus liner was limited by arcing and 
unstabilized discharge. Other materials 
were considered but stainless steel was 
selected as it requires a shorter condi- 
tioning period and has a reduced ten- 
dency to arc. The problem remained of 
obtaining a sufficient resistance in a 
stainless steel liner. 

The solution found by Harwell scien- 
tists in collaboration with the Bellows 
Division of Teddington Aircraft Con- 
trols was to corrugate the stainless steel 
tube in thirty-six separate sections of 
wall thickness -017 in. using 24 con- 
volutions per inch, each being 0-7 in. 
deep. This operation used forming and 
welding techniques developed for the 
construction of bellows pipe expansion 
joints. 

This liner system has a 38 in. bore 
and a main toroidal path length of only 
36 ft but produces a resistance of 0-02 
ohms. The inside of the completed liner 
had to be chemically clean, and a heavy 
oxide coating was required on the out- 
side to provide a high degree of heat 
radiation to the torus body which was 
water cooled. An illustration of the lin- 
ing appears in the article by Dr. Robson 
in this issue, 

Tick No 209 on reply card 


GAMMA SPECTROSCOPY 
20th Century’s new tube 


A new proportional counter from 20th 
Century, type PX 115, is a high-resolu- 
tion tube originally developed for the 
gamma-ray spectrometer. The energy re- 
solution of a proportional counter below 
100 keV is better than that of a scintil- 
lation counter and its. employment ex- 
tends the range of scintillation gamma- 


The counter is 24 in. in diameter with 
an overall length of 16 in. It has a gas 
filling of a mixture of highly purified 
xenon-methane at a pressure of 2 atmo- 
spheres absolute and the operating 
voltage range is between 3500 and 4200 





ray spectrometers to 20 keV. Gamma- 
ray spectrometers are widely employed 
in the analysis of spectra such as that 
from fission products and the high reso- 
lution of the proportional counter is 
particularly useful in interpreting the 
complex spectra at low energies. 

Measurements of the energy resolu- 
tion have been made using an ameri- 
cium-241 source which emits gammas of 
59-4 keV. The best resolution which has 
so far been obtained with these counters 
is 56%. Over the operating range, the 
gas multiplication factor is 60 V/dB. 
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GRID FLOORING 
extension to Dexion range 


A new multi-purpose grid that can be 
used to construct anything from indus- 
trial platforms and mobile stairs to car 
ramps and trolleys, has recently been 
introduced by Dexion Ltd. Available in 
two sizes and a standard width, it can 
be quickly bolted together with fixing 





The Dexion grid is used here with stan- 
dard slotted angles to build a working 
platform 


plates and standard Dexion nuts and 
bolts to suit almost any purpose where 
a grid work or flooring is needed in any 
industry. 

The grid is available in 9 in. widths, 
and in standard lengths of 4 ft 6 in, and 
6 ft only. Non-standard lengths in mul- 
tiples of 14 in. are available in minimum 
quantities of 12. 
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NEUTRON SHIELDING 
wood’s new use 


A densified laminated wood made from 
beech veneers interleaved with glue film 
and compressed under great heat and 
pressure, known as Jabroc N, is avail- 
able in densities from 84 1b/ft® upwards, 
the higher density materials being loaded 
with additives such as boron carbide or 
rare earths. At a density of 841b/ft® it 
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gives the following elemental composi- 
tion: Hydrogen, 6°U6°,; Carbon, 46-93 
Nitrogen, 0-11 Relaxation lengih tor 
fast neutrons, 7-8 cm. 

The primary function of Jabroc N is 
to provide a biological shield by re- 
ducing fast neutrons to thermal energies 
and the following table gives an ap- 
proximate idea of the relaxation length 
or the material for fast neutron and 
radiation compared with other materials. 

Relaxation Length cm 


Water 10 
Graphite 9 
Aluminium 10 
Barium base cement 

lron base cement 6°3 
Iron 

Lead 9 
Jabroc N 7°8 


As the hydrogen content of Jabroc N 
is more than 6% it need be only hali the 
thickness of natural wood to offer an 
equivalent shielding protection, Also, in 
the event of a serious fire, the charred 
densified wood shield may be expected 
to retain much of its shiciding efficiency 
whereas, under similar circumstances, a 
concrete shielding would suffer badly 
and might disintegrate. Concrete, being 
a much heavier material, requires much 
more elaborate and expensive mechan- 
ical support and is especially cumber- 
some to handle where movable shield- 
ing is required (e.g. refuelier and ele- 
ment road transport coffins). 

Jabroc N cannot be used in the in- 
terior of a reactor as, quite apart from 
the temperature considerations, the effect 
of the extremely high neutron flux very 
quickly reduces the mechanical proper- 
ties of cellulose-base materials. 

Boards of Jabroc N can be pressed in 
one piece up to thicknesses of 4 in.; 
greater thicknesses are available by 
bonding together boards of various 
thicknesses with synthetic resins, The 
material is made by Permali Ltd at 
Gloucester where there is a total press 
capacity of over 24,000 tons and prob- 
ably the largest design and machining 
resources in Europe devoted to the 
manuiacture and assembly of compon- 
ents and large fabricated structures in 
plastic laminate materials 

Although the applications are in no 
way comparable, it is perhaps interest- 
ing to note that Permali have supplied 
many tons of laminated structures and 
components in densified wood and other 
laminated plastic materials for Zeta and 
other experimental thermonuclear fusion 
apparatus 
Tick No 212 on reply card 


BOREHOLE LOGGING 
portable exploration gear 


For location, estimation and control of 
radioactive minerals down to 1100 ft, 
Hendrey Relay’s Borehole Logging Equip- 


126 





Using the Hendrey borehole logger a 
UKAEA survey team working near 
Salisbury, S. Rhodesia, change the probe 
unit. Winch on the left, measuring head 
on the right 
ment, Type 1417A, is capable of provid- 
ing a permanent record of gamma flux 
in boreholes over | in. dia. 

The equipment consists of a tripod- 
mounted winch carrying the stranded 
single-core, double-wire armoured cable. 
the electrical connexions being brought 
out through slip rings. The drum is 
worked manually. The measuring head, 
which stands on four legs, contains a 
guide pulley over which the cable from 
the winch passes into the borehole, a 
revolution counter which measures the 
amount run out and a spark recorder 
giving the gamma plot. 

Iwo interchangeable probes are used: a 
} in. dia unit containing a gamma-sensi- 
tive geiger counter type MGIOH or a 1} 
in. dia unit with a type G24H tube which 
has a sensitivity about 3-7 times that of 
the lower sensitivity tube. 

The probe output is taken to a Field 
Ratemeter Type 1368A which supplies 
the spark recorder, Power is supplied 
trom a 4-cell Nife accumulator, giving 
about 20-25 hours of operation. The 
equipment is fully portable by two men. 
Tick No 213 on reply card 


HIGH SPEED COUNTING 


Mullard trochotron tube 


Mullard Limited have announced the 
introduction of a trochotron high-speed 
decimal stepping tube, for use as a 
counter or selector at speeds up to | 
Mc/s. The tube, called type ETSI, is 
switched by a negative signal, and pro- 
vides a constant-current output of 5-5 mA 

sufficient to drive a cold cathode deci- 
mal indicator (such as the Mullard 
Z503M) and compatible with the input 
requirements of direct read-out digital 
indicators. 

Its chief uses will be in nucleonic 
scalers, decimal computing equ:pment 
and electronic switching circuits, In these 
and similar applications, one ETS1 with 


its relatively simple circuitry can rep ice 
a number of conventional valves or 
transistors and their associated con »o. 


nents. 

The trochotron’ is a vacuum de ice 
which makes use of crossed electric nd 
magnetic fields to form a beam of ¢ ec- 
trons between a thermionic cathode .nd 
any of ten groups of three electrodes 
mounted radially about the cathode. | he 
electric field is provided by the inter- 
electrode potentials within the tube ind 
the magnetic field by a cylindrical per- 
manent magnet fitted externally around 
the glass envelope. 

Each group of electrodes consists of 
a spade, which forms and locks the beam 
in position; a target, which makes the 
beam available as a constant current 
output; and a grid, for switching the 
beam from one spade to the next. When 
power is first applied, all spades will be 
equally positive with respect to cathode 
and, due to the action of the magnetic 
field in preventing .electrons reaching the 
electrode-groups, the tube will be in a 
‘cut-off’ cond.tion, with no beam 
formed. However, if the potential of any 





Mullard’s ET51 is mounted on a 26-pin 
base comprising ten connexions each for 
spades and targets, 2 grid connexions 
and heater and cathode connexions. It 
has an overall seated height of 3-3 in 
and an overall diameter of 1-74 in. in- 
cluding the magnet and special pro- 
tective caps 


spade is reduced, by means of a high- 
speed pulse or a d.c, voltage, the beam 
will form on the electrode group associ- 
ated with that spade, and an output will 
appear on the corresponding target 

Once formed the beam 1s held in this 
position by a combination of the spade 
series resistance and spade current until 
it is stepped to the next position by 
lowering the voltage on ihe associated 
switching grid. 

Since only the grid in its immediate 
vicinity will affect the beam, the grids 
are connected internally in two groups 
the odd-numbered grids in one, th. even- 
numbered in the other. This takes it 
possible to use a d.c. input for switching 
and still obtain single position stepping, 
thus avoiding the necessity for a pulse 
of critical width. 

The output characteristic of the tro- 
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chotron is similar to that of a pentode 
valve, and in the ETS1 over 80% of the 
heam current appears in the output, the 
remain¢ being used to form and lock 
the beam 
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LEAK DETECTOR 
portable mass spectrometer 


The new 20th Century mass spectrometer 
leak detector is a completely self-con- 
tained portable instrument which consists 
of a vacuum system of high pumping 
speed in which are incorpora‘*ed the 
mass spectrometer covering the range of 
an ionization gauge and Pirani gauge. 
The system is so designed that compo- 
nents can be directly pumped and leak 
tested on the apparatus; the combination 
of Pirani gauge, ionization gauge and 
mass spectrometer covering the range of 
leaks from tens of lusecs to 10-7 lusecs. 
[he instrument consists of a minia- 
ture 180° mass spectrometer which can 
be tuned to mass numbers up to 40, The 
sensitivity of this device is highest at 
the lowest mass numbers and the use of 
hydrogen and helium as the probe gases 
give the highest sensitivity. Using hydro- 
gen, leaks of the order of 10-* lusecs 
can be detected; with helium, 1077 lusecs 
is the minimum detectable leak rate of 
the mass spectrometer ion current, 
Tick No 215 on reply card 


JASON REACTORS 

range of types now offered 
We have recently received from the 
Hawker Siddeley Nuclear Power Co fur- 
ther details of their Jason research reac- 
tor which was described and illustrated 
in our March 1959 issue. 

[he reactor can be supplied in several 
forms but the core components and inter- 
nal and external reflectors are identical 
in all cases so that a purchaser of reactor 
| can extend the reactor facilities and 
power as his requirements demand. The 
following are the various forms of Jason: 
1, A reactor of 1 to 100 watts, having 
five irradiation ports in the central ther- 
mal column and beam holes externally 
as required by the client. This is ideally 
suited for driving internal exponential 
experiments, oscillator experiments, pro- 
duction of short-lived isotopes and acti- 
vation analysis, Maximum thermal flux 
is between 1°5 x 107 to 1-5 x 109, de- 
pending on reactor power. 

2. A reactor of 1 to 10kW, having in- 
ternal and external thermal columns and 
two beam holes giving a total of 21 
irradiation ports, This reactor increases 
the quantity and extends the range of 
analyses, etc. which can be performed 
with the reactor 1. 

3. The standard 10kW_ (continuous) 
reactor with internal and external ther- 
mal column and a shield tank, as des- 
cribed in NUCLEAR POWER. 
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4. A 10 kW (continuous) Jason with one 
internal and two external thermal 
columns. This can be used for driving 
two external exponential experiments or 
for applications where there is a require- 
ment for a large irradiation volume for 
activation analysis, isotope production 
or oil, grease and plastic irradiations, 
etc. 

5. Jason can be provided with a 10 in. 
beam hole for neutron therapy studies 
giving an average thermal flux of 8 
10° across the beam hole with the reac- 
tor operating at 10kW. Such a reactor 
would normally be provided with inter- 
nal and one or two external thermal 
columns. 

A zone of higher flux can be incor- 
porated in the reactor by the installation 
of a central heavy water irradiation 
space. This increases the available ther- 
mal flux at any given power by a factor 
of 1-5 to 2 and offers a region of highly 
thermalized flux, These reactors may 
also be operated for limited periods at 
power in excess of the continuous rating, 
and the firm say they do not consider 
10 kW as the maximum output. 
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GAMMA RADIOGRAPHY 
powerful new MV unit 


Newton Victor Ltd, Metropolitan- 
Vickers’ X-Ray Department, recently 
supplied to Whessoe Ltd a 1500-curie 
cobalt-60 container, believed to be the 
most powerful in industrial use in the 
world. The container was first taken to 
the AERE, Harwell, for the fitting of the 
60 source. From there it was transported 
by road to Whessoe’s Darlington works 
where it is housed in a specially con- 
structed concrete building. It is used for 


radiographic examination of welded 
seams in steel plate up to 5 inches thick. 

[he protective container is housed in 
a steel cylinder which can be rolled on 
its heavy steel end-flanges over rough 
ground, A steel supporting fork is pro- 
vided for slinging the unit from a crane 
or, with the angulating gear disengaged, 
for hauling the equipment up a loading 
ramp on to a vehicle. A worm wheel 
drive fitted to the fork is used to angulate 
the container, and thereby the beam of 
radiation, through 350°. Thus, when sup- 
ported by a crane or other suitable 
mounting, the container can be rotated 
about both horizontal and vertical axes 
and this is of particular value in the 
examination of spherical and cylindrical 
pressure vessels. 

The cobalt source is housed in a lead 
and heavy-alloy protective container 
thick enough to reduce the intensity of 
the radiation at the surface of 6°25 mr/h 
with a source of 1500 c. 

Interchangeable diaphragms of tung- 
sten copper alloy provide a beam of 
radiation 6 in. or 12 in. wide by 5S ft 
long at a distance of 12 ft from the 
source. 

During the setting up, a powerful light 
projector is used to indicate the position 
of the beam on the specimen at dis- 
tances up to 20 ft. The light, in the 
form of a cross, indicates the exact 
position of the centre of the beam of 
gamma radiation. 

Having positioned the container and 
adjusted the beam to the desired part of 
the welded structure, the operator fixes 
the film or cassette on the remote side 
and then returns to the remote control 
console, which may be 100 ft or more 
away. Alternatively, a concrete wall 


Built by Metrovick for Whessoe, this 1500 curie cobalt container will be used for 
weld examination in pressure vessels. Operation is by complete remote control 





from the wall- or desk-mounted console 











from 9 in. to 36 in. thick may be used 
to provide the requisite protection. On 
reaching the control the operator sets 
the exposure timer and presses a button 
which brings the source from the ‘ pro- 
tected’ to the ‘exposure’ position. At 
the end of the pre-set period the source 
is automatically brought back to the 
‘protected’ position; this also happens 
if at any time the electricity supply is 
interrupted. Additional signals and inter- 
locking relays to prevent unauthorized 
entry to the exposure area can be easily 
connected to the control, Operators can, 
therefore, work continuously with this 
container without any risk of receiving 
an excessive dose of radiation. 


Tick No 217 on reply card 
DIGITAL VOLTMETERS 


new Solartron range 


The Solartron Electronic Group are in- 
troducing a completely new range of 
digital voltmeters. All the instruments 
feature ‘in-line’ digit display, using 
back projection illumination which en- 
sures a clear unambiguous display, read- 
able at a considerable distance. The dis- 
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The new Solartron voltmeters are tran- 

sistorized. This four-window model, 

LM902, has an accuracy of 0-1°% on five 

ranges and a variable dead-time control 

for stabilizing the reading on fluctuat- 
ing inputs 


play may ‘be located remotely, or two 
displays may be operated from one unit. 
[he absolute accuracy is better than 
0-1°%, short term, or 0-25%, long term. 

To facilitate parallel operation of 
print-out or other permanent recording 
equipment, outputs are provided of deci- 
*mal coded information which, at any 
instant, is equivalent to the value indi- 
cated by the display. 

The LM901 digital voltmeter, for ex- 
ample, will measure up to 99-9 V_posi- 
tive or negative d.c., in three ranges: An 
‘add 10° facility extends this full-scale 
reading to 109-9 V. Under normal oper- 
ating conditions it continuously monitors 
the applied voltage, but a ‘ sample ’ mode 
is provided which allows a front panel 
push-button or external relay contacts 
to give controlled ‘ lock-out.’ This is par- 
ticularly useful for periodically sampling 
the instantaneous value of rapidly vary- 
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ing signals which, in the LM901, will 
normally give a recycling display. 
Because the readings obtained are 
completely unambiguous and of constant 
accuracy without re-adjustment, these in- 
struments are suitable for use by un- 
skilled or semi-skilled personnel—since 
the problems of conventional meters 
such as mis-reading, parallax and static- 
ally or magnetically induced false read- 
ings are completely overcome. 
Tick No 218 on reply card 


TRIGA REACTORS 
continuous power increased 
We understand from General Atomics 
that both the Triga I (above ground) and 
Triga If (below ground) laboratory reac- 
tors, which were described in NUCLEAR 
POWER in our March 1959 issue, are now 
capable of continuous operation at power 
levels of 100 kW and above using only 
natural convection, For round-the-clock 
operation however over prolonged 
periods a heat exchange system is em- 
ployed to maintain the tank water at a 

reasonable level. 

Our description of Triga was for 
operation at 10 kW: the increase to 100 
kW therefore puts up the flux by an 
order of magnitude to 4 x 102. The 
temperature coefficient at the new power 
is 1-3 x 10-*/°C compared with 8 x 10° 
and the excess reactivity 1-65 compared 
with 0-7%. 

Modifications have also been made to 
the drive mechanisms. The boron car- 
bide control rods are now operated not 
by stainless steel cables and winches but 
by solid rods with magnetic release gear 
at the upper end. 

Tick No 219 on reply card 


Pulse analyser, A 256-channel unit from 
Technical Measurement Corporation. 


North Haven, Connecticut, is contained 
in a cabinet only 8} in. high. It features 
interchangeable plug-in logic units for 
pulse height analysis, neutron time-of- 
flight studies and counting as a function of 
time. Transistors and printed circuits are 
used throughout, the display being a 
3 in. CRT. 

Tick No 220 on reply card 

Flow indicator. An _ inexpensive and 
even more compact version of the Teli- 
cator liquid flow indicator has _ been 
added to the range available from Sir 
W. H. Bailey & Co Ltd—sole agents and 
distributors for the manufacturers, 
Dukes & Briggs Engineering Co. Known 
as the K-type, it is only 2% in. long and 
contains a rotor in a perspex cylinder 
Tick No 221 on reply card 

Fast neutron monitor. Survey meter 
FN2B from the Nucleonic Corporation 
of America uses a dispersion of zinc 
sulphide grains in lucite as a scintillator. 
It is insensitive to slow neutrons and is 


unaffected by gammas from Co-60 1p to 
4r/h. Three ranges are available 0-5, 
0-50, 0-500 neutrons/cm’/sec. 

Tick No 222 on reply card 

Corrosion protection. Introduced b\ the 
B.B. Chemical Co. Ltd., the Bostik En. 
durion process is already widely us: d in 
America and was employed in par’; of 
the nuclear submarine Nautilus. The 
process is a non-toxic chemical eiter- 
treatment applied to a base phosy jate 
coating on ferrous metals. 

Tick No 223 on reply card 

Steam valve. Known as the Bi-Sezt, a 
new stop valve for controlling steam up 
to 300 Ib/in.* and 500° F has beer in. 
troduced by Sir W. H. Bailey & Co Ltd, 
Made in Monel and stainless steel, the 
valve is claimed to have a particularly 
fine control owing to a special type of 
seal. 

Tick No 224 on reply card 

Pipe couplings. Ruston & Hornsby have 
concluded a license agreement with the 
Gray Tool Company of Houston, Texas, 
to exploit the latter’s patents. Known as 
the Ruston-Grayloc, the connexions are 
claimed to offer many advantages in 
price, speed and efficiency. 

Tick No 225 on reply card 

Plastic fans. Sturtevant Engineering in 
connexion with Acalor Ltd are now 
producing fans with an all-PVC casing 
and PVC-clad impeller. It is offered as 
an alternative to the all-fabricated PVC 
Monogram series with the advantage of 
safe, high operating speeds. 

Tick No 226 on reply card 

No hands. Western region of British 
Railways are experimenting with a 
driverless trolley—the Robotug. Devel- 
oped by EMI Electronics the battery- 
driven truck follows a single wire laid 
just beneath the flooring. 

Tick No 227 on reply card 

Limit switch. Designated class 9007, 
type AW36, a new plug-in precision 
limit switch from Square D Ltd, has a 
micrometer adjustment for the roller, 
operable after the switch has been 
mounted and wired. 

Tick No 228 on reply card 

Mains failure. Londex Ltd. have intro- 
duced an alarm bell which rings for two 
minutes after a mains failure. It is clock- 
work driven. 

Tick No 229 on reply card 

Chopper. Advance information from 
Ericsson on new miniature model shows 
it is based on the company’s well-known 
polarized relay. 

Tick No 230 on reply card 

Counters. Counting Instruments’ type 100 
electric counters now available with 
push-button reset. 

Tick No 231 on reply card 

Fans. New Q range from Standard and 
Pochin are suitable for conditions requir- 
ing low noise. 

Tick No 232 on reply card 
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INDUSTRIAL 
NEWSDESK 


Olympia was successful 


There was a record attendance of over- 
seas visitors, from no less than 84 dif- 
ferent countries, to the Engineering, 
Marine, Welding and Nuclear Energy 
Exhibition held at Olympia from April 
16-30. This has encouraged the British 
Engineers’ Association, sponsors of the 
exhibition, to plan additional approaches 
to certain key overseas markets. The first 
country selected is Canada and a special 
60 show-car train will visit cities from 
Vancouver to Halifax during May and 
June 1960. 

Among the general exhibits at Olympia 
there were several items which should 
prove of use in nuclear engineering pro- 
jects. These included Rockweld’s Verto- 
vertical electro-slag 
welding machine. This equipment is 
manufactured by Rockweld Ltd. as the 
sole licensees for the UK of the Vus 
(Bratislava) patents and provides con- 
siderable economies in the welding of 
heavy fabrications in plate thicknesses of 
2 in. and upwards. Another piece of 
equipment is the Andantex reduction 
unit which, while basically a sun and 
planet gear system, has many advan- 
tages over conventional units. By using 
moulded nylon to locate the planet 
pinions on their respective shafts, equili- 
brium on the various pinions is ensured. 
In addition by various mechanical, elec- 
tro-mechanical or hydraulic actuators, it 
is possible to immediately change the 
speed ratio over a very wide range, i.e. 
from 480:1 to 1:1. These units are 
available for power drives between 3 and 
80 h.p. 

Where corrosive and misalignment 
conditions may occur together such as 
in coolers or fans, the Metastream range 
of couplings manufactured by Meta- 
ducts Ltd. are particularly suitable in 
that stainless steel flexible membranes 
are used in place of the conventional 
non-metallic bushes or rings and the 
general material of construction may be 
selected to meet specific requirements. 
On the H. M. Hobson stand a small 
range of Unibrix portable radiation 
shielding bricks were shown. A feature 
of these high density shot-loaded blocks 
is the very good external surfaces. 


matic automatic 


Getting inside Europe 

The Babcock & Wilcox Company has 
appointed Ralph W. Deuster as European 
nuclear sales representative, In this newly 
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created position, Mr. Deuster, with head- 
quarters in Brussels, will maintain liai- 
son with Euratom and represent B. & W. 
in European markets, After joining the 
company in 1955 as a nuclear systems 
specialist he was assigned for two years 
to sales liaison and has since been assis- 
tant to the manager of the propositions 
and contracts department. 

Another US company increasing its 
activities in the European market is The 
Thompson - Ramo - Woolridge Products 
Co. and as a result of a licensing agree- 
ment with Intertechnique of France pro- 
duction of RW-300 Digital Control Com- 
puters will start immediately. Two such 
computers are being incorporated into 
the monitoring system for the 1148 ura- 
nium fuel cartridges in the first French 
commercial nuclear power plant, EDF-1, 
being built near Chinon. 

To introduce a greater range of pro- 
ducts through licensing arrangements 
into Europe, ACF Industries Inc. have 
set up a new British company, ACF 


as 


FOR LIAISON DUTIES WITH EURATOM 
Ralph W. Deuster 
(see *‘ Getting inside Europe’) 





(Great Britain) Ltd. This new organiza- 
tion will be responsible for issuing 
licences covering the products of the 
Carter Carburettor division; the Ameri- 
can Car and, Foundry division; and the 
electronic and electro-mechanical com- 
ponents made by ACF’s Avion and 
Nuclear Products—Erco divisions. 


Increased activities 


An agreement announced on April 17 be- 
tween Savage & Parsons Ltd. and Mar- 
coni’s Wireless Telegraph Co. Ltd. will 
enable the remote handling division of 
Savage & Parsons to supply closed cir- 
cuit industrial television equipment to 
nuclear research and experimental estab- 
lishments. It will enable complete instal- 
lations of mechanical or power-operated 
manipulators and Marconi Vidicon 
cameras with 14-inch picture monitors 
to be built and installed as single-coor- 
dinated units. 










So as to participate fully in the Euro- 
pean Common Market Plessey Interna- 
tional Ltd. have formed a German com- 
pany. This organization, Plessey Ele- 
mente Gesellschaft m.b.H. has a nominal 
capital of DM 200,000 and will be re- 
sponsible for the manufacture of many 
Plessey products in the light engineering 
field, particularly those relating to 
hydraulic equipment. Production will be 
undertaken at Neuss, near Diisseldorf. 


Lucky Mc get contract 

Another action by the United States 
AEC to extend domestic uranium pro- 
duction is covered by the contract signed 
May 1 with the Lucky Mc Uranium 
Corporation. This agreement becomes 
effective from July 1, 1959 until Decem- 
ber 31, 1966, and covers an increase in 
ore processing from the present 833 tons 
per day to 980 tons daily. In addition a 
firm market will be established for a 
number of independent producers in the 
area by their ‘dedicating’ their ores to 
the Lucky Mc Mill on the basis of allo- 
cations. 


Touring Britons 

On May 4 a five-man delegation from 
the Water-tube Boilermakers’ Association 
started a ten-day visit to Russia. This is 
a reciprocal visit following a tour made 
last year by a similar Soviet trade dele- 
gation to Britain. The British team will 
discuss the USSR’s requirements and 
evaluate the possibilities of increasing 
British steam-raising plant in this mar- 
ket. Russian developments in water-tube 
boilers and technical problems formed 
part of the talks. 

On April 18, Mr. J. E. C. Bailey, 
Chairman and Managing Director of 
Baird & Tatlock (London) Ltd. and Hop- 
kin & William Ltd., left for a visit to 
Canada and the USA. During this visit 
Mr. Bailey addressed the Scientific 
Apparatus Makers of America at their 
Annual Conference, speaking on_ the 
European Common Market and how it 


SPEEDING UP ERECTION. For the first 
time multi-motor torque converter der- 
rick cranes are now being used in Great 
Britain; these were supplied by John 
M. Henderson & Co. Ltd., to Sir Robert 
McAlpine & Sons Ltd. The torque con- 
verter automatically gives infinite speed 
variation inversely as the hook load 
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non-member 
nations, including the British Common- 
wealth and the United States. 


will affect exports from 


German expansion 


During April two industrial 
groups finalized agreements with British 
companies to be represented in the UK. 
William H. Capper & Co. Ltd. have 
been appointed agents for Demag and 
will handle mining equipment and com- 
pressors of all types. The British com- 
pany will carry out the installation and 
undertake the design, fabrication and in- 
stallation of associated pipework. 

Birfield Tools Ltd. have been appointed 
sole licensees for the sale, installation 
and servicing of the complete range of 
equipment produced by the Hofmann 
Organization with the exception of a 
series of wheel balancing machines, 
already being manufactured under 
licence by another Birfield Group com- 
pany. At a later date it is expected that 
Birfield manufacture 
many of the machines covered by this 
new agreement, Of special interest in 
the nuclear engineering field are electro- 
dynamic balancing machines with capa- 
cities up to 20 tons and suitable for 
rotors and turbines. Other such machines 
have been designed for the static balanc- 
ing of fan blade assemblies and vibra- 
tion testing of electric motor, blowers 
and pumps. 


UK gets ‘know-how ’ 

As a result of agreements between 
Southern Instruments Ltd. and_ the 
Ampex Corporation of America, with 
its UK subsidiary Ampex Electronics 
Ltd., part of recently extended Southern 
Instruments factory at Camberley will 


German 


Tools will also 


PROGRESS IN ESSEX. One of the 


undertake the full-scale manufacture of 
Ampex Tape Instrumentation Equipment. 
Similar manufacturing and _ selling 
rights have been obtained by Elliott 
Brothers (London) Ltd. from Canadian 
Curtiss-Wright Ltd. for the CW nucleonic 
thickness measuring apparatus, If re- 
quired, this type of instrument can be 
used to make and record a continuous 
measurement of moisture content. 


Developing ceramic control rods 


Three of the ceramics shown in Lon- 
don during May at an exhibition by 
Morgan Refractories Ltd. are being de- 
veloped for possible use as control rods. 
They are gadolinia/alumina, samaria, 
alumina and samaria/magnesia. Gadolin- 
ium has the highest known neutron ab- 
sorption cross-section for any element, 
but samarium, with the second highest 
figure, seems to be more promising for 
this purpose. So far, Morgans have made 
Zin, long x 2in. dia, specimen sleeves 
for the AEA, Although more expensive 
than boron steel, ceramic rods would 
have the great advantage of lightness 
which could mean a reduction in drive 
mechanism size and costs. Their great 
disadvantage—brittleness—could be over- 
come simply and efficiently by enclosing 
them in metal cans. 


NUMEC supplies Belgium 


The Atomic Power Department of West- 
inghouse Electric Corporation, which is 
making the BR-3 reactor for Belgium, 
has placed a contract with Nuclear 
Materials & Equipment Corporation 
(NUMEC) for fuel. Over two tons of 
enriched uranium dioxide powder is re- 
quired for fuelling this reactor and it 
will be formed into pellets by the West- 


three CO. inlet ducts, with its combined 


bellows-spring hanger, mounted on the roof of No. | reactor, Bradwell nuclear 
power station 
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inghouse materials manufacturing plar 

which will, in turn, pass it onto the 
atomic power department for assemb 

into fuel elements. 


Permissible radiation summarized 


The National Bureau of Standards, U3 
Department of Commerce have accepte J 
for publication, as NBS Handbook 6 
a set of recommendations of the Nation 
Committee on Radiation Protection and 
Measurements under the title ‘ Maximu 
permissible amounts of radioisotopes in 
the human body and maximum permis- 
sible concentrations in air and water.’ 
These are revisions of the 1953 recom- 
mendations only and carry no legal im- 
plications requiring any changes in the 
law. The publication will be availabie 
from the Superintendent of Documents, 
US Government Printing Office in about 
two months time. 


Italian products in England 


The Plessey Company Limited have en- 
tered into agreement with Elettronica 
Metal Lux S.p.A. of Milan for the manu- 
facture of Metallux Resistors in the UK 
Under this new agreement, in addition 
to sole manufacturing rights in Britain 
for these metal film resistors, Plessey 
will hold sole selling rights for the UK 
and all the Commonwealth countries. A 
separate manufacturing unit is being 
formed within the Capacitors and Resis- 
tors Division of Plessey’s and produc- 
tion is scheduled to start towards the 
end of the summer. 


Freeing depleted uranium 


An investigation to determine how and 
in what quantities industry may use de- 
pleted uranium for non-nuclear purposes 
has been authorized by the United States 
AEC. The three-month technical-econo- 
mic study, to be completed in June, is 
being carried out by the Battelle 
Memorial Institute of Columbus, Ohio. 
[his implements the Commission’s deci- 
sion to remove restrictions on non- 
nuclear uses of uranium and make it 
available to industry on an unclassified 
basis. The depleted material is now avail- 
able in the form of uranium hexafluoride 
‘in substantial annual tonnage on a con- 
tinuing basis” and may be processed to 
the metal, oxide or any desired com- 
pound. 


N.S. ‘Savannah’ progresses 

At the end of April, the 105 ton steel 
reactor vessel was completed and given 
its acceptance tests. In a special rein- 
forced concrete and steel pit the vessel 
was subjected to prolonged hydrostatic 
pressure test at 3000 lb/in.2—that is 1000 
lb/in.2 above designed reactor operating 
pressure, Utilizing closed circuit televi- 
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USEFUL SITE AID. This vehicle is one 
of the ‘Shorland’ range of carriers 
made by Short Brothers & Harland Ltd., 
and which, from May |, are marketed 
by Conveyancer Fork Trucks Ltd. 


sion, the entire test was witnessed by 
United States AEC, Bureau of Ships 
Inspectors, US Coast Guard and manu- 
facturers’ inspectors. The equipment has 
now been shipped to Camden yards for 
installation into the Savannah. 


NRTS extensions 

During April AEC reviewed contract 
proposals for three extensions at the 
National Reactor Testing Station, Idaho. 
These were for alarm systems and spe- 
cial power services at the Flight Engine 
Test Facility and Shield Test (Pool) Faci- 
lity in the Aircraft Nuclear Propulsion 
Area, by C-L Electric Co., costing some 
$30,000; the construction of a hot cell, 
shop and maintenance building at the 
Army Reactor Experiment Area, by Tel- 
ler Construction Co., costing $666,500; 
and a contract to drill, case and test pro- 
duction well No. 2 at the Experimental 
Breedér Reactor No, 2 area by Wehling 
Well Works, valued $29,000. 


Cladding analysis 


The Bettis Atomic Power Division of 
Westinghouse Electric Corporation have 
awarded a contract to Controls for Radia- 
tion, Inc. (Con-Rad) for analyses of 
trace amounts of uranium in nuclear 
fuel elements cladding materials, such a3 
zircaloy, zirconium and hafnium metals 


Draft code reviewed 

‘The draft code of practice covering the 
custody, use and disposal of radioiso- 
topes employed in industry, prepared by 
the Ministry of Labour last year, is now 
being examined by a number of indus 
trial companies. These firms, including 
the manufacturers of the associated 
equipment, are studying it so that while 
it will be sufficiently stringent, it will be 
workable and can become part of the 
Factory Acts. 


Development expansion 


Two new blocks are being added to the 
Mullard Research Laboratories at Sal- 
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fords to give an extra 45,000 square feet 
of floor space. These extensions will 
house the electronics, telecommunica- 
tions, transistor applications and televi- 
sion laboratories as well as improving 
the facilities for the valve, semiconductor 
and materials research activities, 
Another expansion, announced by 
Baird & Tatlock (London) Ltd., will 
double the research and development 
division to meet the increasing demand 
for Analmatic equipment and the rede- 
signed standard laboratory instruments 
and apparatus. To cover these two as- 
pects, the division has been split into 
two sections—Analmatic and General. 


Mainly discussions 

London, The Annual General Meeting of 
the Institution of Mining and Metallurgy 
was held on May 21. Among the award; 
for the year, honorary membership of the 
Institute was conferred on Sir Alexander 
Fleck, K.B.E., D.Sc., F.R.S., in recogni- 
tion of his outstanding services to the 
metallurgical industry. 

Rome. From June 15 to July 5, the 
Fourth International Nuclear Congress 
and Exhibition on Electronics and 
Atomic Energy will be held by the 
Comitato Nazionale per le Ricerche 
Nucleari. 

Venice. Sponsored by UN Educational, 
Scientific & Cultural Organization and 
the IAEA, a symposium on the immedi- 
ate and low-level effects of ionizing radi- 
ations will be held between June 22 and 
26. 

Berlin. Deutscher Verband fiir Schweiss- 
technik e.V. will be holding their Great 
Welding Conference 1959 from June 23 
to 26. The lectures cover the general sub- 
ject of ‘Welding Technology for Power 
Supply’ and include reviews of nuclear 





power pressure vessels and the welc ng 
of specialized materials such as urani im 
and zirconium alloys. 

London, Research & Control Instrum« nts 
Ltd. in conjunction with the Departm :nt 
of Chemistry at the Imperial College of 
Science & Technology are holding a c¢ :n- 
ference on X-ray diffraction and spect :o- 
graphy from July 6 to 10. Modern te h- 
niques and instrumentation for diffrac- 
tometry and fluorescent analysis will be 
discussed and evaluated; extensive equ p- 
ment will be made available for demi n- 
stration purposes. 

Berkeley, California. The 1959 Cryoge jic 
Engineering Conference will be held on 
September 2, 3 & 4, at the University 
of California. Technical papers and dis- 
cussions will deal with engineering re- 
search and development at very low tem- 
peratures-—below 150°K (—190°F). 
York. The British Association for the 
Advancement of Science will hold its 
121st Annual Meeting from September 2 
to °. Among the Physical Sciences and 
Engineering papers are ‘High energy 
physical machines (CERN) ’ and * Appli- 
cation of electronics in land transport.’ 


International Fairs 

Belgium, The 11th Liege International 
Fair was held from April 25 to May 10. 
Iwo impressive features of this exhibi- 
tion was the introduction of a range of 
Belgian nuclear engineering items, typi- 
cal of the work at present being under- 
taken for Euratom projects and the ab- 
sence of British manufacturers in this 
field. The only UK company present was 
Palatine Tool & Engineering Co. (Surbi- 
ton) Ltd., which showed a range of liquid 
metal valves, pumps and test equipment 
Japan. At the Tokyo International Trade 
Fair, held between May 5 and 22. the 


NEW USE FOR SURFACE PLATES. Hawker Siddeley in the construction of their 
Jason reactor are using surface plates as bases for the graphite stacking of the 
inner and outer reflectors 
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A big step forward in the harnessing of 
nuclear power for peaceful purposes, the 
atomic power station at Chapelcross 

is now in commission. As main 


contractors on this project, The Mitchell 





Construction Company Ltd. were 
responsible for the construction of the 
four reactors and their cooling 

towers, the turbine hall, 

a sub-station for the South of 
Scotland Electricity Board 


and associated works. 


Consulting Engineers 
Messrs. Merz 
& McLellan 














MITCHELL CONSTRUCTION 


TET  ——— 


Building and Civil Engineering Contractors 


THE MITCHELL CONSTRUCTION COMPANY LTD - WHARF WORKS - PETERBOROUGH 
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United States had the largest Govern- 
ment exhibit. The AEC made a special 
effort to acquaint the Japanese people 
with the latest US developments in 
nuclear energy, showing several exhibits 
from last Geneva Show and 
American industry included new items 
in the nuclear engineering field 

Portugal, Supporting the British Govern- 
ment exhibit at the Lisbon Fair, run- 
ning from May 29 to June 14, Associ- 
ated Electrical Industries Ltd. are show- 


year’s 


ing a model of Metropolitan-Vickers 
Zeta, the thermonuclear reactor; and 
A.E.L.-John Thompson Nuclear Energy 


Co. Ltd., exhibit a model of a typical 
1SO MW power 
station. 

Spain, Nuclear materials and equipment 
will be included among the British exhi- 
bits at the Barcelona Samples Fair, to 
be held from June | to 20. 

Scotland, During this summer, an atomic 
energy exhibition is being planned from 
Stromness, Orkney, to demonstrate the 
impact of nuclear power on the area. 
The project is being worked out jointly 
by the United Kingdom AEA and the 
Stromness Chamber of Commerce. 


In brief 
@® Chosen for Windscale, The Ruston 
NFB gas bearing circulator has been 


single-reactor nuclear 


NAMES 


IN THE 


NEWS 


Mr. R. S. Hewitt, deputy controller of 
Elliott-Automation has joined the board 
of the company. He has been associated 
with the Elliott Group since 1928. 
Mr. S. A. Hiscock has joined the staff 
of the Lead Development Association. 
Dr. W. F. Miller has been appointed 
director of the applied mathematics divi- 
sion of Argonne National Laboratory. 





R. S. HEWITT L. M. CURRIE 


The Earl of Halsbury, until recently 
managing director of the National Re- 
search Development Corporation, has 
joined the board of Head Wrightson 
Processes Ltd. 


Miss Dorothy Smith, an engineer in 
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selected by John Brown & Co. Ltd. for 
incorporation on the AGR’s charge-dis- 
charge machine. This unit will provide 
gas circulation for cooling the irradiated 
fuel elements during the withdrawal pro- 
cess. 

@ Bigger power stations, The Central 
Electricity Generating Board are now 
working on the designing of the largest 
conventional power station yet projected 
in the British Isles. It is the Drakelow 
C, to be sited near Burton-upon-Trent. 
and is planned to have a total output of 
1500 MW. 

@ AEA provide first order, At the offi- 
cial opening on April 24 of International 
Combustion’s new heavy engineering 
shop, it was stated that the first contract 
received for work in this plant was from 
AEA for heat exchangers for Windscale’s 
AGR. This new workshop is reviewed in 
this month’s issue under ‘ Progress in 
Industry.’ 

@ British succeed in Sweden. Atkiebo- 
laget Atomenergi have placed a contract 
with Savage & Parsons Ltd. for 12 Master 
Slave Manipulators for the remote hand- 
ling of radioactive materials, valued at 
approximately £15,000. This brings the 
total number of such manipulators ex- 
ported up to 98. 

@ Better results. J. 

president of Vitro 


Carlton Ward, Jr.. 
Corporation of 


Metropolitan-Vickers motor engineering 
department, retired at the end of March 
after 43 years service. 

Mr. A. A. Morris has been appointed by 
Northey Rotary Compressors to be their 
sales manager. 

My. C. Robinson will hold the post of 
branch manager at Square D’s newly 
opened Newcastle branch office. 

Mr. C, L, Jaques, has been appointed 
chief generation engineer, Eastern divi- 
sion, of the Central Electricity Generat- 
ing Board. Mr. E. C. Scott has become 
system operation engineer at the CEGB’s 
headquarters. Mr. M. E. Peplow, for- 
merly at the CEGB’s Leatherhead re- 
search laboratories has been appointed 
regional research and development officer 
for the Southern, South Western and 
South Wales region of the board. Mr. 
P. K. Davis has been made divisional 
electrical engineer of the Board’s Eastern 
division. 

Dr, L. M. Currie has been elected a 
director of America’s Babcock & Wilcox. 
Dr. Currie, is vice president in charge 
of the company’s atomic energy division. 
Mr. L. Rotherham, formerly with the 
UKAEA and now member for research 
of the Central Electricity Generating 
Board, has been co-opted to the council 
of the British Welding Research Associa- 
tion. 

Mr. J. R. Wetch, Atomics International 
project engineer, has been appointed to 


America announced on Apr.| 28 during 
the company’s annual meeting, that 
steady progress during the first par: of 
1959 had been made with a markec jn. 
crease in new _ business and profits 
Among the new contracts are two nu: lear 
facilities for the AEC at Oak Ridge; one 
for a fuel reprocessing plant and the 
other a high-level radiation laboratory, 
@ Valves for Latina. Hopkinsons Ltd 
have been awarded a contract for the 
supply of 66in. main and 36 in. bypass 
‘Tansphere’ type electrically-operated 
butterfly valves for the Latina nuclear 
power station. These will be sited within 
the concrete biological shield and will 
have to operate throughout their work- 
ing life without maintenance. 

@® Computer exported, The first order 
from Australia for an E.M.I. Emiac II 
analogue two-module computer has been 
received by E.M.I. Electronics Ltd. from 
the Australian Government 
Melbourne. 

®@ Additional tests. An addendum to 
BS 752/1958 ‘Test code for acceptance 
tests for steam turbines’ has been pub- 
lished by the British Standards Institu- 
tions Numbered PD 3305, the new pub- 
lication extends the function of the 
parent volume to include tests for back- 
pressure, pass-out and mixed-pressure 
steam turbines. 


Factory, 





the research advisory committee of the 
National Aeronautics and Space Admin- 
istration. 

Mr. G. H. Johnson has been made ex- 
port manager of Bakelite Ltd on the re- 
tirement of Mr. E. J. Lassen, 





L. ROTHERHAM 


W. P. WARREN 


Mr. E. T. Wilkinson has been appointed 
Rocol’s southern area sales manager 
Mr. W. P. Warren, formerly commercial 
manager of the UKAEA’s [Industrial 
Group has joined the Powell Duffryn 
Group as sales manager of their sub- 
sidiary, Cambrian Wagon and Engineer- 
ing Co. 


OBITUARY 

Mr. K. R. Hopkirk, who until retirement 
last year was director and chief mechan- 
ical engineer of the British Thomson- 
Houston Company, died on April 24. 
Mr. G. Bennett, manager of Automatic 
Telephone & Electric’s Liverpool fac- 
tories died on April 27. 
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Knowing where to 
find the answers on 


This new handbook describes in detail the many 
Wiggin high-nickel alloys specially developed 
for corrosion-resisting duties. It includes 
extensive data on the properties of ‘AT’ 
Nickel, Monel, Inconel, Corronel B and 
Ni-o-nel, and gives results of tests carried 
out in many corrosive media. It is 
available, without charge, to designers 
and chemical engineers. May we 


send you a copy ? 


presses s== = 





Please send me, without charge, a copy of your publication 
‘Corrosion-Resisting Characteristics of Wiggin High-Nickel 
Alloys’. 















Name 
Appointment or Department 
‘ a 
WIGGIN | ~~ : 
5 Publications will be sent to private address, if preferred. : 
KNOW NICKEL ALLOYS ! ” t 
ee eee om om os ow ol 


*“MONEL’, ‘INCONEL’, ‘CORRONEL’ AND ‘NI-O-NEL’ ARE REGISTERED TRADE MARKS 


a HENRY WIGGIN AND COMPANY LIMITED, WIGGIN STREET, BIRMINGHAM 16 


TGA CS 
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They said... 


points from papers, speeches, conferences 





Trade prospects 


During May, the future industrial pros- 
pects for nuclear engineering and elec- 
tronics were reviewed at two annual con- 
ferences of professional organizations. 
At Folkestone, on May 9, Mr. J. H. K. 
Pendry, Chairman of the Association of 
Supervising Electrical Engineers, ex- 
pressed a rather gloomy outlook. While 
he praised the present general export 
activities of electrical equipment and 
anticipated that such exports would con- 
tinue to grow, he expressed doubts of 
nuclear power providing an economical 
means of electricity generation. Mr. 
Pendry went so far as to echo Sir 
Christopher Hinton’s earlier opinions: 
if generating costs did not become com- 
petitive within the next few years, it 
would be necessary to swing back to- 
wards the use of conventional power 
plants. One of the reasons for these 
higher costs, said Pendry, was ‘that the 
estimated value of the by-product plu- 
tonium has not materialized.’ 

On the other hand, when Mr. K. F. 
Dormer, President of the Institution of 
Plant Engineers, addressed the 1959 
Harrogate Conference on May 7, a much 
more optimistic opinion was expressed. 
He said that he was proud of his mem- 
bers’ activities on major projects, includ- 
ing the nuclear power stations, during the 
past year. The increasing capital outlay 
incurred by the introduction of special 
purpose machinery, electronic equipment 
and increased mechanical power avail- 
able to each man, could be offset. Mr 
Dormer said that the Plant Enginecr 
should ‘press for changes in methods, 
machinery and practices’ and so enable 
this country to compete with foreign 
industry. 


Fallout queries 


Radioactive fallout is a matter of great 
importance, said John A. McCone, Chair- 
man of the United States AEC, address- 
ing the Joint Atomic 
Energy on March 24, and his commission 
does not take the question lightly; nor 
have they dismissed it as unimportant to 
the people of either the US or indeed, 
the world. He went on to say that as 
long as he was head of the AEC he 
would *‘ not be a party to the suppression 
or distortion of any information bearing 
on the safety and health of the public.’ 


Committee on 


During the present financial year the 
AEC is spending $M18 in research on 
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problems associated with radiation stan- 
dards and protection, In addition, $M24 
for sampling and analysis for both 
national and worldwide fallout studies 
and nearly $M4 for training in health 
physics and industrial hygiene will be 
expended, Funds for research and pro- 
tection will, for the coming financial 
year, be increased to $M20 and nearly 
2000 scientists and technicians will be 
involved. 


‘Active sampling programmes are be- 





JOHN A. McCONE 
. evidence not suppressed 


ing conducted in a number of other 
countries with whom we (AEC) exchange 
information. These countries are widely 
dispersed over the world and include for 
example, Japan, New Zealand, Norway, 
England and Brazil.’ 100 stations in 37 
different countries are conducting a 
gummed paper sampling programme and 
in addition 81 stations are regularly col- 
lecting soil samples. 


While the AEC is the only US govern- 
ment agency that has carried out exten- 
sive research on worldwide fallout, the 
Department of Defense (DOD) did con- 
duct a series of experiments recently. 
These results are not in agreement with 
AEC’s but General Loper, spokesman 
for the DOD, hopes the differences will 
be resolved. The AEC’s chairman went 
on to say that he had been told ‘that 
there has been no attempt at any time 
to suppress or modify the DOD report 
in the interest of reconciling these dif- 
ferences of scientific judgment.’ 

Urging early government and interna- 
tional reviews into the subject, John A. 
McCone concluded by saying ‘I am fully 
prepared to assist any competent body 


in developing the facts now in conti >- 
versy on the fallout issue and to discl« se 
these facts to the public. I am confid: at 
that the AEC has not been derelict in ts 
studying of radioactive fallout and in 
vealing the conclusions of such stud =: 
when the data has been collated a 
evaluated. If, however, your Commit 
finds any shortcomings on the Comm s- 
sion’s part, I pledge you to initiate i 
mediately the most vigorous and co 
prehensive corrective measures possib 

It appears that political and inter-ce- 
partmental differences form as big a 
problem as radiation hazards themselves 
in the US Government. In recent weeks 
a similar state of affairs has appeared to 
exist in the British Parliament. 


ae 
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Nuclear fuel resources 


A comprehensive survey of the uranium 
and thorium resources of the British 
Commonwealth was made by S. H. U. 
Bowie, B.Sc., M.I.M.M., of the Atomic 
Energy Division, Geological Survey of 
Great Britain, in a paper read before 
the Royal Society of Arts on April 23. 
His conclusions were that there was a 
vast potential of nuclear raw materials 
in the Commonwealth and that ‘many 
more areas rich in uranium undoubtedly 
exist, but whether there are many more 
as large and as rich as Blind River 
(Canada), or from which uranium can be 
produced as a by-product of some other 
metal, as in the Witwatersrand Basin 
(South Africa), is not so certain. In addi- 
tion to these two major fields, the Cop- 
perbelt of Northern Rhodesia probably 
offers most hope as a future large-scale 
supplier of uranium, while the Blind 
River field and the place deposits of 
India will produce the bulk of the world’s 
thorium. At Blind River and Bancroft 
there are considerable deposits of thorium 
and reserves are estimated to total some 
200,000 tons, Assuming a production of 
uranium oxide of 10,000 tons a year, 
some 5000 tons of thorium oxide might 
be recoverable as a by-product. 

Current estimates of production in 
1958 and reserves of uranium and re- 
serves of thorium (in tons) are:— 





U,O, U,O, rho 
PRODUC- 
TION RESERVES RESERVES 

Canada 13,537 413,000 210,000 
South Africa 6,245 330,000 15,000 
USA 12,560 221,000 50,000 
France 815 50,000 - 
Australia 700 15,000 50,000 
Belgian Congo 1,000 10,600 

I»dia - — 300,000 
Brazil — — 200,000 
West Africa -- _ 15,000 
V vasaland — — 10,000 


Reserves indicate that the Common- 
wealth controls more than three-quarters 
of the free world’s resources of both 
metals. 
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‘ 5 An increasing number of manufacturers of 
S 0 C A S T plant are using components cast by pre- 
cision methods. In many instances, com- 
ponents previously machined from the 


solid are being produced as castings with 
S T J — L marked economies. 


Intricate designs may be cast in stainless 
and many other steels to close tolerances, 


with good surface finish and freedom from 
CG A S T I k G S porosity. Machining allowances are drastic- 

ally reduced, and often eliminated. 

Reduce your manufacturing costs and expe- 


dite production by high quality ‘SOCAST’ 
BY PRECISION METHODS yt Big eB pocw 4 


steel castings, which will withstand high 
pressures and avoid many repairs and rec- 
tifications in the machine shop. 


\\ FINE STEELMAKERS ~- STEEL FOUNDERS 
ENGINEERS’ TOOL MAKERS 

SAMUEL OSBORN & CO., LIMITED 

CLYDE STEEL WORKS SHEFFIELD 
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Just published 
a New WNewnes 
Technical Survey 


NUCLEAR 
POWER 
PLANT 


K. OPENSHAW TAYLOR 


B.Se., D.1.C., M.1-E.E., 
M.Amer.I.E.E., F.R.S.E. 
(Heriot-Watt College, Edinburgh) 


NUCLEAR 
POWER 
PLANT 


b. Orr TATIOR 


& NEWNES FECRNITAL sunt 





his book opens with a concise account of 

world energy requirements and resources, 

present and future. It goes on to deal with 
nuclear and reactor physics, types of reactors, 
reactor engineering, instrumentation and con- 
trol, and the economics of nuclear .« 
power stations. The appendices contain 30s . 
comprehensive tables of elements and 
a chronology to reactors. net. 

Illustrated. 


Previous titles in the Series 


Chemistry of Nuclear Power 
. K. Dawson & G. Long 30s. net. 
Disposal of Radioactive Waste 
K. Saddington & W.L. Templeton 
17s. 6d. net. 
The Exploration of Time 
N.C. Bowen 21s, net. 
Radiation Hazards and Protection 
D. E. Barnes & Denis Taylor 
30s. net. 
Solid Propellent and Exother mic 
Compositons 
James Taylor 25s. net. 
Uranium and Thorium 
L. Grainger 25s. net. 
British Coal Mining Explosives 
James Taylor & P.F. Gay 27s. 6d. net. 
Water Treatment 
G. F. Mugele & A. Wiseman 21s. net. 


From all booksellers or in case of difficulty, 
at an additional Is. to the net price shown 


above, from George Newnes Limited, Tower 
House, Southampton Street, London, W.C.2 


The most forward-looking 
series in the bookshops today! 
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Book Reviews 





Three years’ progress 


Progress in nuclear energy—Medical 
sciences, Volume 2 Edited by J. C. Bugher, 
J. Coursaget and J. F. Loutit London 1959: 
Pergamon Press 288 pp £5 5s 


The second Geneva Conference reported 
the progress that had been made in the 
intervening three years since the first 
conference. In the medical field it has 
been less spectacular than in some other 
spheres, but in spite of this, six sessions 
were devoted to medical and biological 
sciences. Not all the papers presented at 
the conference have been included in the 
current volume, but nevertheless it makes 
an imposing collection of papers and one 
which gives a fair representation of the 
content of the conference, 

The nature of the dose-response curves 
for many different effects has received 
much attention, throwing in turn doubt 
about the validity of many over-simpli- 
fied generalizations. Significant data, both 
from the laboratory and from epidemi- 
ological observation, is put forward 
which is helpful in the application of 
small probabilities to large population, 
a situation which is especially important 
in the present nuclear age. 

There are many practical papers in- 
cluded on health and safety in nuclear 
operations as well as papers dealing with 
specific hazards, e.g. ‘Inhalation hazards 
in the nuclear industry,’ ‘ Detection of 
Pu-239 in wounds.’ There is an impor- 
tant paper on ‘The uses of radioactive 
isotopes in medicine’ (UN Survey) as 
well as eight papers on ‘ progress in tele- 
therapy.’ Altogether the volume includes 
25 of the papers presented. 

Denis Taylor 


Tools for engineers 


Transform Method in Linear System Ana- 
lysis by John A. Aseltine London 1958: 
McGraw-Hill 316 pp Price £3 6s 

For an engineer, mathematical trans- 
forms are tools which help him to study 
physical problems. He wants to know 
what these tool are, and how and when 
to use them, Furthermore, he wishes to 
attain this object without having to fight 
his way through a barricade of advanced 
mathematical entanglements. Being a lec- 
turer in engineering, Dr Aseltine has 
fully appreciated this fact when writing 
his book. He has supported most of his 
mathematical arguments with physical 
reasoning and examples. Where the 
mathematics has become too involved, 
he has stated the results without proof 
but has given adequate references to 


where the proofs may be found. 

The first eleven chapters of the book 
are concerned with Laplace transforms 
and their applications to electrical set- 
works and mechanical systems. Two of 
these chapters deal with techniques of 
control system analysis including fre- 
quency response and root locus methods. 
On the latter subject, the author writes 
with some authority, having had con- 
siderable industrial experience in the 
field of control systems. One chapter is 
devoted to the Laplace transform solu- 
tion of partial differential equations. The 
final six chapters are given over, one 
each to Fourier series, Fourier trans- 
forms, Z transforms (for solving differ- 
ence equations), Mellin transforms, and 
two to systems with random inputs. 

Sufficient references are given for any- 
one who wishes to pursue any of the 
topics further. It is a pity, however, that 
nothing more than reference is given on 
methods of polynomial factorization, be- 
cause this problem often occurs when 
using Laplace transforms. Nevertheless 
the book should have a wide appeal 
amongst engineers, and particularly con- 
trol system engineers, of graduate level. 

A. P. Roberts 
This review originally appeared in CONTROL 


A health physics must 


Recommendations of the International 
Commission on Radiological Protection 
(September 1958) London 1959: Perga- 
mon Press Price 3s 6d 

This is the latest version of the Recom- 
mendations which have been in general 
use since 1955. Since then there have 
been considerable changes in the light 
of new knowledge and experience. In 
particular there is a complete revision 
of the maximum permissible dose for 
occupational exposure which is now fixed 
at 3 rems during any consecutive period 
of 13 weeks. Obviously no one involved 
in health physics or health physics in- 
strumentation can do without this book 
which, with its very reasonable price, is 
within reach of all. 


For pump owners 


The Pump Users’ Handbook Herbert 
Addison London 1959: Pitman 122 pp 
Price 37s 6d. 


The British Pump Manufacturers’ Asso- 
ciation commissioned Professor Addison 
to write for them a comprehensive yet 
concise handbook for pump owners and 
users. The author is of course a well- 
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SOLARTRON 


\ ~ Se? “ s 
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Stabilised Transistor Power Supplies 


Ten precision-engineered Bench, Rack and Sub-Unit Transistor 
Power Supplies make this fine Solartron range the obvious choice 
when stable, accurate DC voltages are required. For operation 
of transistor circuitry; for production test; for direct, trouble- 
free replacement of batteries; for educational laboratory use — 
these are but a few of the many fields of application 


Typical 
Bench 
Unit 





WRITE NOW FOR FULL DESCRIPTIVE LITERATURE TO: 
THE SOLARTRON ELECTRONIC GROUP LTD 
THAMES DITTON - SURREY Telephone: Emberbrook 5522 


Gram bles: Solartron, Thames Ditton. International Telex: 23842 Solartron T.Dit. 
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TYPE NUMBER AS 759.2| AS 854 AS 855 AS 757 | AS 871* 
Construction Sub-Unit | Sub-Unit|Sub-Unit| Bench |Sub-Unit 
Output Voltage 1-5-13-5 | 11-5-32-5| 32-5-50 0-50 1-5-13.5 
Output Current 0-1A 0-1A 0-1A 0-1A 0-34 
Output Resistance < 0-012 | < 0-012 | <0-012 | < 0-012 | <0-012 
Output Impedance 
to 100 Ke]s < 0-3522 | <0-352 | <0-35Q | <0-3502 | <0.350 
Stability Factor > 200: 1} > 200: 1] >200:1 | >200:1 | >200:1 
Ripple and Noise <ImvV < ImV | <I mV <I mV | <ImvV 
Peak-to-Peak 
Dimensions TT x 68” x 74"x 123” x 8%” x 
54” x 6 "| Si" x7 he | OL"X 7H 8” x 13” 1637 x9 fh" 
(WxHxD) (197 x 139 (168 x 149 (184 x 159 (325 x 203 (210 x 172 
x 160mm)| x 182mm) x 200mm)} x 330mm)} x 233mm); 
Weight 74 Ibs. 10 Ibs. 134 Ibs. 25 Ibs. 16 Ibs. 
Appx.) (3-5 kg.) | (4-Skg.) | (6kg.) [(11-Skg.)| (7-Skg.) 
Price £55 £60 £65 £95 £90 
Subject to 
Quantity Discount 
for Sub-Units 
TYPE NUMBER AS 872* | AS 870 | AS 873*| AS 758 | AS 852 
Construction Sub-Unit} Bench |Sub-Unit| Bench Rack 
Output Voltage 11-5-29-5 0-30 29-5-50 0-30 30-50 
Output Current 0-3A 0-3A 0-3A 0-10A 0-10A 
Output Resistance <0-012 |< 0-012 | <0-012 | <0-012 | <0-01Q 
Output Impedance 
(to 100 Kes) <0-352 | <0-35Q | <0-35Q | <0-20 <0-20 
Stability Factor >200:1 | >200:1 | >200:1 | >150:1 | > 150:1 
Ripple and Noise <imV | <I mV |<ImV | <2mvV | <2mvV 
(Peak-to-Peak) 
Dimensions 7h’ x 123”x |8%”"x 22” x 19” x 
74” x98 | 8” x 13” 188"x 10% 7] 104” x 16% 83” x 183” 
(WxHxD) (200 x 184 (325 x 203 (215 x 219 (559 x 267 (483 x 222 
x 253mm)}x 330 mm) x 266mm)j x 406mm)} x 209mm 
Weight 21 Ibs. 33 Ibs. 25 Ibs 55 Ibs. 65 Ibs. 
Appx.) (9-5 kg.) | (ISkg.) |(11-Skg.)| (25kg.) |(29-5 kg.) 
Price £100 £150 £110 £210 £180 
(Subject to 
Quantity Discount 
for Sub-Units) 
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BOOK 
SERVICE 


All the books reviewed in 
Power and all 
other scientific and tech- 
nical books and period- 
icals from all over the 
world may be obtained 
from:— 


Nuclear 


BLACKWELL’S 


BROAD STREET 
OXFORD 


Catalogues sent regularly 


on request 
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CATALOGUES 
‘> AND 
BULLETINS 


Steel foundry service. New 28-page book- 
let from The North British Steel Foundry 
has an Il page at-a-glance reference sec- 
tion in which the mechanical properties, 
chemical test requirements and equiva- 
lent specifications are given for 31 steels. 
Services and facilities offered by the firm 
to customers are described. 

Tick No 248 on reply card 

Bearings. Two impressive spiral bound 
- folders from Ransome & Marles Bearing 
Co contain technical information on the 
use of ball and roller bearings and there 
is a comprehensive catalogue of the 
firm’s range. 

Tick No 249 on reply card 

Valve and filter units. Three leaflets from 
Sperry Gyroscope describe with diagrams 
a micron filter unit, a servo valve drive 
amplifier and an electro-hydraulic servo 
valve. 

Tick No 250 on reply card 

Air flow. A series of friction charts for 
straight ducts and pipes, originally pro- 
duced by R. H. Young and J. M. 
Gasiorek for Sturtevant Engineering, 
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known writer on the subject and the 
present book conforms closely to his 
approach to the subject. It would, one 
feels, however, not be very comprehen- 
sible without some knowledge of Addi- 
son's Treatise on Applied Hydraulics or 
his Centrifugal and other Rotodynamic 
Pumps. Given this, however, the book 
should prove a useful work, especially 
as it covers subjects such as installation 
and trouble tracing which are not dealt 
with in his more theoretical works. 

The Pump Users’ Handbook also con- 
tains a useful table of the type of pump 
manufactured by the members of the 
BPMA. 


In brief 


Chemistry of Nuclear Power |. K. Dawson 
and G. Long London 1958: Newnes 208 
pp. Price 30s. 

This is a very readable little book by 
the leader and a member of the reactor 
chemistry group at Harwell. It is intro- 
ductory in nature and does not demand 
an extensive knowledge of chemistry. 


Radiation Biology and Cancer Texas 1959: 
University of Texas Press 493 pp Price 
$8.50 

This is a collection of papers presented 
at the Twelth Annual Symposium on 
Fundamental Cancer Research, 1958, 
together with verbatum reports of the 
discussions. 


have now been made available to engin- 
cers interested in this field, Price 7s 6d. 

Tick No 251 on reply card 

Correction curves. Six page booklet con- 
taining correction factor curves for their 
flow meters has been issued by Fischer 
and Porter 

Tick No 252 on reply card 

Pipe insulation. Recently patented sys- 
tem of placing insulated pipework under- 
ground is subject of data sheet from 
Stillite Products. Material recommended 
is Stulag and technical data number 7 
describes this. 

Tick No 253 on reply card 

Tape spooler. Intended primarily for use 
with their high speed tape readers, types 
TR2, TR2B and TRS Ferranti have pro- 
duced a spooler suitable for handling the 
three standard widths of tape. Leaflet 
describes. 

Tick No 254 on reply card 

Metal cutting machines. Range of cutting 
machines are described and specified in 
booklets from the Midland Saw & Tool 
Co. In the general purpose range tools 
have been specially developed for machin- 
ing graphite. 

Tick No 255 on reply card 

Isotope containers. A standard range of 
isotope coffins and carriers is now offered 
by Westover Nuclear Equipment who 
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NUCLEAR POWER 
BOOK INQUIRY 
SERVICE 


If you would like to have di 

tails of a particular book or 
know whether one is published 
on a specific subject, fill in this 
coupon and send it to us. We 
will then forward it to the ap- 
propriate publisher or book- 
seller who will answer your | 
query. | 


Details please of books on the follow- | 
ing subjects : 


send to NUCLEAR POWER, 3 PERCY | 
STREET, LONDON, WI, ENGLAND | 








have issued a descriptive leaflet and price 
list. 

Tick No 256 on reply card 

Scintillators, Bulletin number 591 from 
Pilot Chemicals Inc. gives cost and tech- 
nical information on scintillation grade 
fluorescent chemicals and plastic scin- 
tillators. 

Tick No 257 on reply card 

Welding rods, Recent literature from 
Suffolk Iron Foundry illustrates a new 
method of joining cast iron by bronze- 
welding. 

Tick No 258 on reply card 

Radiation protection. Article entitled 
‘The practical aspects of radiation pro- 
tection’ by F. L. Veale has been issued 
in leaflet form by Research & Control 
Instruments. 

Tick No 259 on reply card 

Valves and driers. W. C. Holmes & Co 
in their well illustrated publications num- 
bers 76 and 77 describe the Holmes- 
Western gas valves and Holmes-Kemp 
driers. 

Tick No 260 on reply card 

Automation. New Solartron literature 
available includes brochures on analogue 
computers, electronic instruments, re- 
sponse analysers. There is also a techni- 
cal article on analogue computer tech- 
niques. 

Tick No 261 on reply card 
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A Branch of The United Steel Companies Limited P.O. Box 50, THE ICKLES, ROTHERHAM, YORKSHIRE 


v 
THE UNITED st ce Rings in all sizes from 2” to approxi- 


¢P mately 96” in diameter and up to one ton in 

besa orere ot weight are produced by rolling, hand forging or upset 
e forging, depending upon size. Profile sections can be rolled if ordered 

pw? in quantity. A wide range of qualities from mild steel to highly alloyed 


oe? steels may be specified. 
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-RESCOLASTIK 


SILICONE RUBBERS 


THe most comprehensive range available 













TAKE ADVANTAGE of the technica re. 
t | 7 nay ~—gemeaee sources and production facilities of the most 
; modern silicone rubber plant in the United 
Kingdom. 
Prescolastik silicone rubbers offer the widest 
available range of compounds to meet the most 
exacting conditions. 


Uses: Gaskets, Seals, 
Diaphragms, Washers, 
Etc. 


General Purpose Grades 





Low Temperature Grades = 
Low Compression Set _ 
‘ Fuel and Oil Resistant Grades 
Su Leanne Silicone Coated Fabrics qual 
ot on u i ; J ile 
Uses: Soft Gasketing, Vibra- = High Tensile Grades suse 
tion Damping, Seals, Pads and High Temperature Grades 
Dampers. Qc. Prescolastik Silicone H.T.P. Resistant Grades H+ 
Coated Fabrics Cellular Rubbers 
Uses: Diaphragms, Gaskets, 
Phe, Tn , Designers and Engineers are invited to write to H+ 
Coverings. us for technical data. 
ual 
Specialists in precision rubber engineering Tt 
PRECISION RUBBERS LIMITED oF 


BAGWORTH, LEICESTER, ENGLAND 
Telephone: Bagworth 241 


Wolf Tools and Atomic Progress... 








—_— = 


Whenever Power and Efficiency are 
vital factors—as at Dounreay — 
WOLF Electric Tools are always on 
the job. 


TPE ABE ee 


¢ Wolf Zework 


AER 


Write for full details of the 
complete range of WOLF Electric Tools 





By courtesy U.K.A.E.A. 
Blower type NWB with 


° > | aning 
WOLF ELECTRIC TOOLS LTD - HANGER LANE - LONDON W.S - PERIVALE 5631-4 — 


Reactor 


Branches: BIRMINGHAM BRISTOL GLASGOW LEEDS MANCHESTER NEWCASTLE Agents throughout the World 
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CROSSLEY ENGINES tor Chapel Cross 


Crossley Brothers have supplied the diesel engines for yet another nuclear 

power station. This time they are to provide standby electrical power for 
the United Kingdom Atomic Energy Authority’s latest station—Chapel Cross. 
Eight Crossley ‘‘ HSN ”’ six cylinder Scavenge Pump Diesel engines 
each supplying 500 kW through Brush generators, 
for automatic operation in the event of mains failure. 
Crossley two-cycle Scavenge Pump Diesel engines have already been 
installed at Calder Hall and Dounreay, and are soon to enter service at 
Berkeley and Bradwell. They have been chosen to fulfil these 


vital duties because they are reliable diesel engines. 







DIESEL ENGINES 


CROSSLEY 


CROSSLEY BROTHERS LIMITED - OPENSHAW - MANCHESTER 11. 


4 
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CONVECTOR COOLING SUPERHEATERS 


The illustration shows one of a number of superheaters supplied to Cynamid 


Products Ltd. Engineering Division, the business of which is now being carried on 


by Chemical Construction (Great Britain) Limited. 

These superheaters, 7’ 3” effective basis, 8’ 9” overall basis, are fabricated from 
S & L ERW tubing. 

Specialities: Pipework for high or low pressures suitable for steam, water, gas, 
etc., water wall headers, steam and oil receivers, de-superheater bodies. Tubular 


f 


) 


~ 


products of all descriptions for power stations and industrial steam raising plants. 


THE UNIT SUPERHEATER AND PIPE CO. LTD - UNIT WORKS 


SWANSEA 1 elephone: Swansea 54091 (6 lines). Telegrams: ‘Superunits’, Swansea Telex: 48-208 


INDUSTRIES ATOMIQUES 

is the only international technical and indus- 
trial review printed in French, which specialises 
entirely in nuclear and related subjects. 


dustri 
in u S rl e S INDUSTRIES ATOMIQUES is read by industrialists, engineers, technicians and 





chemists, heads of technical firms and by all those engaged in the world of science. In short, 
it is intended expressly for all specialists interested in research and in its practical realisation. 

In view of its international character, INDUSTRIES ATOMIQUES is read and 
appreciated in countries all over the world. 


collaboration, and have contributed previously unpublished articles of high scientific value, 
abundantly illustrated. 


e 
to m { tu ll F c Up to date, more than 200 authors, all specialists, have honoured this review with their 


INDUSTRIES ATOMIQUES is a source of precise documentation, constantly being 


International review for the peaceful brought up to date. The international information and the list of suppliers to the atomic 


industries printed in its pages will be found invaluable. 


application of nuclear energy 


Annual Subscription 





12 numbers per year 
French francs 
Belgian francs 
Swiss francs . 
U.S. dollars . 


Pounds sterling . 
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| Industries Atomiques Subscription form 
] Subscriptions can be paid in the currency of the country at any European post office. 
j We desire__ = annual subscriptions, starting from 
t ___, to be sent to (surname, Christian names, or 
4,150 |! firm’s name, and address) 
510! 
35 ; Method of payment Date and signature: 
es (This form should be returned in a stamped and addressed envelope to 
e; NUCLEAR POWER, 3 Percy Street, London, W1.) 
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DYNATROWN 


PULSE AMPLIFIER 


type 1430 A 


This wide band linear amplifier comprises three 
units, designed for use with fast ionisation chambers, proportional 


SPECIFICATION: and scintillation counters. 


Main Amplifier. 

Input : 100 ohms impedance Negative polarity. 

Gain : Maximum 83dB. 

Coarse Control : —0 to 20dB. 

Fine Control : —0 to 20dB in steps of 2dB each. 
Integrating Time Constants : 0.08s to 8us in 7 steps. 
Differentiating Time Constants : 

0.08s to 8us in 7 steps plus 250us step. 

Output : Positive 50V. for 1°, linearity. Saturation 75V. 


Upper Frequency Response : { 1.25dB to 1.4 Mc/s. 
( 3.25dB to 2.8 Mc/s. 


H.F. Head Amplifier. 

Input : 10 megohms. 10pf. 

Output : Designed to feed into 100 ohm matched cable. 
Gain : 31.5dB. 

Filter : E.H.T. Filter suitable for voltages up to 3kV. 


Cathode Follower. 

Input : 10 megohms, 10 pf. 

Output : Designed to feed into 100 ohm matched cable. 
Insertion Loss : 23dB. 

Filter : As in H.F. Head Amplifier. 


SCALERS - PULSE ANALYSERS - POWERUNITS 
PROBE UNITS - PULSE AMPLIFIERS - INSTRUMENT RACKS 
NUCLEAR POWER June 1959 Tick No 


Write for full details of this and other Dynatron instruments to 
DYNATRON NUCLEONIC AND ELECTRONIC DIVISION 
DYNATRON RADIO LIMITED - MAIDENHEAD - BERKS 


DYNATRON 
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WHERE ONLY THE BEST IS GOOD ENOUGH 


UKAEA NUCLEAR INSTRUMENTATION 


BRADWELL 
BERKELEY 
HUNTERSTON 
HINKLEY POINT = -T 
MARCOULE { 


A. S. E. A. 
(SWEDEN) 


BY 















































AGIP NUCLEARE 


(ITALY) 


CERN IS 
(SWITZERLAND) 


DANISH A.E.C. THE EQUIPMENT OF CHOICE 
NUCLEAR GENERAL RADIOLOGICAL LTD. More Hanon 


INSTRUMENTATION AND 


okie ti Nuclear Engineering Division ‘eciaaiiaiecs 


15-18 CLIPSTONE STREET, LONDON, W.| 





STREAM-LINE FILTERS 
AND NUCLEAR POWER 
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The security of oil-immersed circuit breakers or transformers 
depends on the condition of the oil. In Stream-Line filters 
the engineer has at his disposal equipment specially designed for 

the complete removal of contamination in insulating oil and 

- which meets the most stringent requirements. That’s why Stream-Line 
filters have been specified for Chapel Cross and Berkeley, and 

are in wide use throughout the U.K.A.E.A. A single passage through 

a Stream-Line filter ensures the elimination of solid impurities, 

even wie finest colloidal carbon; dehydration, including the removal of 
dissolved water, and de-aeration, including the removal of dissolved 
gases. A dielectric strength far above that specified for the highest 
quality new oil is achieved by a standard Stream-Line filter. Our research 
and development department will be glad to answer 

your queries. Write for Catalogue W. 1031. A WORD ABOUT HIGH VACUUM 


Stream-Line filters designed to operate under 
high vacuum can be supplied. Details are avail- 


able on request of models yielding remarkable 
STREAM-LINE FILTERS performances. For most requirements the stand- 
ard Stream-Line filter gives precisely the service 
demanded. 





} 
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4 ful'y mobile Stream-Line filter. 





STREAM™M-LINE FILTERS LTD + INGATE PLACE +: LONDON : S.W.8 


A member of the VOKES Group Telephone : MACaulay 101! 
SF 29 
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PHOTOMULTIPLIER TUBES 





VENETIAN BLIND PHOTOMULTIPLIERS — SERIES VM 

A new type of photomultiplier with outstanding electrical performance is 
now available. This tube type VM? 11/44/A is a 2” diameter photomultiplier 
employing an 11 stage venetian blind multiplier structure of advanced 
design. The tube was developed specifically to provide a photomultiplier 
capable of satisfying the more exacting scintillation counting applications from 
high resolution y-ray spectroscopy to the counting of low energy radiation. 


were Pee es 
Se 


Three important features of this tube are high cathode sensitivity, high 
collection efficiency and the low inherent tube noise of the multiplier 
structure. The tube is particularly suited for gamma and X-ray spectrometry 
over a wide energy range extending to 3 KeV with a good energy resolution. 
In the counting of Tritium with the VMP 11/44/A employed in a refrigerated 
single channel counting system at -20°C, counting efficiencies of between 
10 and 20% are obtained at a background of 1-2 counts per second. 


In the same series the VMP 11/44/B (CV. 2316) is available for general 
scintillation counting applications. 


For alpha scintillation counting, the VMP 11/44/C is available. 


All of the above tubes are available with windows of quartz for ultra-violet 
spectroscopy and larger diameter photomultipliers employing the same 


Vy M p 11 [44 A venetian blind structure can be supplied. 


The specification below gives details of these photomultipliers with 
suggested applications. Further details are available on request. 




















SPECIFICATION 
CHARACTERISTICS (AVERAGE) 
Type — Cathode Overall Dark Max.Current) Price Applications 
ype i sake Overall Linear 
Sensitivity | Sensitivity Volt Current D = 
uA/Lumen | A/Lumen — at S. ae 
ain mA 
VMP 11/44/A Sil 55 2000 ~| 1400 0.08.A 50 £40 | High resolution 
spectrometry. Low 
activity counting of 
low energy radiation 
VMP 11/44/B Sil 50 200 1200 0.03 50 £30 Scintillation counting 
(CV.2316) , 
VMP 11/44/S s9 30 200 1200 0.003 | 50 | Low energy counting 
VMP 11/44/C | Sil 20 20 1500 | 0.05 50 £15 Alpha particle 
(CV.2317) monitors 
: | Fae J 
] Cel Qu CENTRONICS WORKS : KING HENRY’S DRIVE 
le (Lie RIO if | CS. NEW ADDINGTON - CROYDON ~- SURREY ; Lodge Hil/ 2/2/ 


LIMITED 





NUCLEAR POWER June 1959 Tick No 103 on reply card for further details 147 





Tick No 104 on reply card for further details 





FEO SEEPS CS OS LSS NORE STEEN TAC ANY PSS Ee Se PAT Sessa 


| Dont bury your head... 
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. in the sand and take a Pressure Gauge at 
its ‘face’ value. Look for the name ‘P & G’ 
and be certain of an instrument of quality— 
made by craftsmen for complete accuracy 
and dependability over years of active service. 
The range of P & G pressure gauges includes 
many different types to suit most applications 

a : vacuum, combined, altitude, electric 


contact, differential, critical, duplex, diaphragm 





capsule, etc. 


‘ Write for publication No. 87 








patties 
TUDOR WORKS - WINDMILL LANE 
SMETHWICK . BIRMINGHA'M 




















We are pleased to have been chosen 
by Whessoe Limited, as suppliers of 
X-Ray Equipment suitable for the 
special circumstances encountered in 
the construction of Nuclear Power 
Stations, such as Chapel Cross. 

A very comprehensive range of equip- 
ment from 50 KV to 500 KV is avail- 
able, including both H.T. cable and 


self-contained tank type units. 





PANTAK LIMITED 





VALE ROAD, WINDSOR, BERKS. Telephone: WINDSOR 3225-6 
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BELLOWS 


(including precision barometric 
units, with closely controlled 
spring rate tolerances). 

For use in gas and fluid 
ducting systems for control of 
expansion or contraction, 

and to allow for misalignment. 
Other uses include shaft 

seals and glands. Available in 
stainless steel and other metals. 











Quy tex! 


STAINLESS STEEL FLEXIBLE 
PIPE ASSEMBLIES 


For conveying gases and 
corrosive fluids at 
temperatures from —196°C 
to as high as 450 C. Available 
from *%” up to 4” diameter. 





RIGID TUBE COUPLINGS 


With mechanically attached 
V Flange or bolted flange 
connections. No welding. 

No brazing. Leak-proof. 
Pressure tight. Will withstand 
extremes of temperature 

and vibration. 











specify AVICA 
flexible assemblies 


and components 


Where pressures or temperatures reach unusual extremes and 
vibration may be severe, take no chances—insist on AVICA pipe 
assemblies and components. Tested and proved by 20 years of 
service and used by the U.K.A.E.A. and throughout the nuclear 
engineering field, AVICA products are renowned for absolute 
dependability. Any problem of piping design or installation 

can safely be entrusted to Avica engineers. 


SYNTHETIC RUBBER 
FLEXIBLE PIPE ASSEMBLIES 


Used to carry petrol, oil, air, 
steam, hydraulic fluids, for 
machine tools, hydraulic 
presses, mining equipment, 
at pressures up to 3,000 p.s.i. 
Size range *,”"—2”. 
Temperature range 

-40°C to 160°C. 
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SWIVEL PIPE COUPLINGS 


To provide rotary or angular 
movement in rigid or flexible 
pipe systems. In pipe sizes 
up to 1” for pressures up 

to 4,000 p.s.i. 


Illustrated leaflets describing the full range of AVICA products are 
available on request. Please write for those that interest you. 





> 


AVICA EQUIPMENT LIMITED 
MARK ROAD, HEMEL HEMPSTEAD, HERTS 


Boxmoor 4711 Cables: Avica Hemel Hempstead. 








SUPPORT CLAMPS 


To hold piping and electrical 
cables. The rubber cushion 
absorbs vibration, can be 
renewed when worn or 
perished. 








IGNITION HARNESS 


Electrical wiring protected 
by rigid or flexible conduit 
from heat, oil, moisture 
and vibration. 
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HEAVY 
ALLOY 


supplied in densities 
16.8,17.0,17.5,18.0 £/CC (nominal) 


@ for screening purposes 
@ for balance weights 





Broad beam absorption of Gamma-radiation 
from COBALT-60. Density: 16-8 g/cc. and 
18-0 g/cc. 


THE GENERAL ELECTRIC CO. LTD., Component Sales Dept., 
Osram Metals, East Lane, Wembley, Middlesex. Arnold 4321 











The above piece of G.E.C. Heavy Alloy was made for the 
United Kingdom Atomic Energy Authority. It weighs 660 Ib. 





_ BOURDON © 
PRESSURE 
SWITCH 


For use with liquids or gases, and may also be 


supplied with Stainless Steel elements for 
corrosives. In ranges from 150 p.s.i. to 


5,000 p.s.i. Contact rating 5 amps at . 
* Now in 0; 
250 volts A.C. AUSTRIA- 
CANADA- 


GERMAN) 
Buxton certified GREECE- 


Also available in 


flameproof cases JRAN-U1 
n association with Stow and Portners Ltd. < AA. ISRAEL— 
4 P» 


A CRAWLEY 4 aTALY-S 


a 
JAPAN—J 
For full details, pl te: < 
full details, please write elit 4 NETHERL 
K.D.G. INSTRUMENTS LTD ; a 
7 \ONDONY 
a * * « v 


“4aaan? 
MANOR ROYAL, CRAWLEY, SUSSEX . Crawley 25151 


London Showrooms, Service & Sales: 100 Fleet Street, E.C.4. Tel.: FLEet Street 5354/5 
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*Now in operation 

AUSTRIA—Austrian Study Group of Atomic Energy, Vienna 
CANADA—Mc Master University, Hamilton, Ontario* 
GERMANY—T echnical University of Munich, Munich* 
GREECE—Greek Atomic Energy Commission, Aghia Paraskevi 
JRAN—University of Teheran, Teheran 

ISRAEL—Israeli Atomic Energy Commission, Rehovoth 
STALY—Societa Ricerche Impianti Nucleari, Milan 

JAPAN—Japanese Atomic Energy Research Institute, Tokai-Mura 
NETHERLANDS —International Exhibition, Het Atoom, Amsterdam* 
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Month -by-month, the record grows: 





ar 


1959 


A total of 18 major atomic reactor projects around the world is the record established thus 


8 AMF 
MIC 
EACTOR 
PROJECTS 


far by American Machine & Foundry Company. But as the world’s 
leading designer, developer and manufacturer of research and train- 
ing reactors, AMF is constantly engaged in many other phases of 
atomic energy: 


AMF has designed, developed and built refueling equipment for 
sodium-cooled atomic power plants for submarines. 


AMF, under a continuing development program, designs control, 
maintenance and fuel handling equipment for the Enrico Fermi Fast 
Breeder Reactor. 


AMF continues to lead in the development of reactor control-rod 
drives, remote handling equipment and other specialized nuclear 
components. 


ee AMF designs, develops and fabricates fuel elements for various 
type reactors. 


For a complete reactor facility . . . for specialized control and handling 
equipment... for authoritative assistance at any stage of your atomic energy 
program ... AMF IS THE COMPANY WITH THE EXPERIENCE 
AND THE UNMATCHED RECORD OF ACCOMPLISHMENT! 


PORTUGAL— Portuguese Atomic Energy Commission, Lisbon 
PUERTO RICO —U.S. Atomic Energy Commission, University of Puerto 
Rico, Mayaguez 
UNITED STATES —Battelle Memorial Institute, Columbus, Ohio* 
Industrial Reactor Laboratories, Inc., Plainsboro, 
New Jersey* 
Union Carbide Nuclear Company, Sterling Forest, 
New York 
University of Buffalo, Buffalo, New York 
University of California at Los Angeles, Los Angeles 
University of Florida, Gainesville, Florida 
University of Washington, Seattle, Washington 


American Macrine & Founory COMPANY 
AMF Building - 261 Madison Avenue - New York 16, N. Y., U.S.A. 
Manufacturing subsidiaries and sales offices: LONDON » GENEVA + BOLOGNA - SAO PAULO + TOKYO 
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The above illustration shows a selective range of 
pure molybdenum articles fabricated by machining 


or spinning. We shall be pleased to quote against 


customers’ drawings. MUREX LTD (Powder Metallurgy Division) RAINHAM « ESSEX 


Telephone: Rainham, Essex 3322. Telex 28632 Telegrams: Murex, Rainham-Dagenham Telex 
LONDON SALES OFFICE: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.!I 


for CATHODIC PROTECTION 


RT 
a eliin 
eel 








or WELDING INSPECTION 


call in MAPEL } 


METAL & PIPELINE ENDURANCE LTD., 


Artillery Mansions, Victoria Street, London, S.W.1. 
Tel: ABBey 6056 ‘Grams: Metaldure, Sowest, London 

















Divisional offices at Woolmer Green, Herts; also at Newcastle upon Tyne and Glasgow 
AGENTS THROUGHOUT THE WORLD 
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Newburgh Engineering 


Co. Ltd. 
Bradwell via Sheffield 
Telephone: HOPE 401 


Newburgh Engineering Co. Ltd., are proud to 
have been associated with the erection, 
installation and commissioning of the Chapelcross 
Nuclear Power Station. 


—$—$—$————————— 











supply electricity to Great Britain's Grid, they 


In this, the second major nuclear project to 
have been entrusted with contracts for 





L 





CHARGE PANS 
Fuel Element Support Struts 
Flux Scanner Guide Tubes 
Flux Scanner Winding Heads 
Charge Test Facility Sets 
Control Rod Cable Winches 
Burst Slug Detection Gear 
Thermocouple Lifting Attachments 
Charge Tube Seal Assemblies 
Irradiation Tube Seal Assemblies 
Cast Iron Biological Shielding Coffins 





Newburgh Engineering Co. Ltd., have also been 
entrusted with contracts for equipment to 
Capenhurst, Springfields and Windscale factories 
as well as the Calder Hall Nuclear Station and the 
Dounreay fast breeder reactor. 
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YOU 


Ae 
. ..» you have 


—then let us 
shoulder them 
for you 





Problems are arising every day in every field of | 
engineering, especially for the bearing user. For ex- 
ample, two major fields of operation, atomic energy 
and gas turbines ; speeds, loads, or ambient temper- | 
atures are likely to be high ; whilst special lubricants 
and special provisions for lubrication are often 
and 


required. We have an extensive technical 





development section which are constantly improving | 
. . : . | 
and developing new designs in bearing application. | 


| 
BALL & ROLLER)! 


BEARINGS 





THE HOFFMANN MFG. CO. LTD., CHELMSFORD, ESSEX 
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ISOMANTLES 





for large plant.. 


AND OTHER US's 

















ar Le _ 
| it ISOJACKETS =e > +, 
. for Cylindrical l 
| | Vessels. 


—s 
| Citi ajiia 








L ISOTAPE eletric heating tape 
for straight or spiralled pipe 
tracing. 

















= Flexible 
si ISOMANTLES 
on storage 
tanks. 





"(ees 





ISODRUM Heater 
for efficient 
handling of viscous 
= materials. 














Today there is hardly a surface 
heating problem that cannot be 
solved by ISOPAD Equipment, 
either resistance or -F. 
induction. 
For Flameproof Areas: 
illustration at top shows a 
flameproof ISOMANTLE 
on 1000 gal. vessel. 


ELECTRIC : 
ls SURFACE we 
HEATERS 


Send for 44-page Catologue 
(Plt) and let us help you 
solve your heating problems 








BARNET BY-PASS 
BOREHAMWOOD HERTS. 
2 Tel: Elstree 2817/9 


ISOPAD LTD 
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_VERSIL GLASS FIBRE IN ACTION AT CHAPELCROSS | 


TT MMT TTP DU 


























VERSIL LIMITED, manu- 
facturers and contractors of 
Versil Glass Fibre thermal 
insulation applied at this 
Power Station to the instruc- 
tions of Stewarts and Lloyds 
Ltd., and to the specification 
of the Consulting Engineers 
Messrs. Merz & McLellan. 


The photographs on this page 
are reproduced by courtesy of 
The United Kingdom Atomic 
Energy Authority and Messrs. 
Stewarts and Lloyds Limited of 
London. 





Steam, Feed and CO. Pipework at Heat High Pressure and Low Pressure Steam Pipes 
Exchangers leading from No. 1 Reactor to the turbine hall 


One of the Heat Exchangers on No, 1 Reactor Pipework under turbine operating floor 
showing steam pipes in the foreground ‘ 





Versil Glass Fibre is avail- 
able in many forms for 
commercial and industrial 
thermal insulation of all 
kinds. Literature can be 
obtained from The Sales 
Department, Versil 
Limited, Rayner Mills, 
Liversedge, Yorks. Tele- 
phone: Cleckheaton 2571 
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HEAVY DUTY 


SPANNERS 


Precision Hand Tools are of paramount import- 7 Ss 

ance to the Engineering Industry. King Dick / cA 
hand tools are precision made under carefully 

controlled conditions, and set a superlative 


standard in quality and design. From the largest y 
Constructional Engineering Tools to the small- 7 
est B.A. Socket Set, King Dick inspection / 
routines ensure the correct combination of selec- 7 
ted steels, perfect balance and precision. y 
Send for illustrated catalogue giving complete 7 
range of King Dick Hand Tools. y 


'n GO OO N 


KING DICK ) 


PRECISION HAND TOOLS 




















\ 
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WE 
KS 


ABINGDON KING DICK LTD., Abingdon Works, Tyseley, Birmingham II, England 


AUTO-KLEAN 
FILTERS ANYTHING THAT FLOWS 


AUTO-KLEAN > 
Self-cleaning plate- 
type filters for all 
liquids handling flows 
up to 1§0,000 gallons 
per hour and provi- 
ding positive defined 
mesh filtration with 
additional magnetic 
protection. 


AUTO-KLEAN CIRCO 
Self-cleaning strainers 
for water circulating 
systems handling flows 
up to 180,000 gallons 
per hour. 


AUTO-KLEAN KOTON 
Filters designed for 


q  AUTO-KLEAN MICOM 
Combined self-cleaning 
plate-type filter and 
paper filter giving both 
defined mesh and 
micronic protection for 
lubricating oil systems 
at flows up to 
6,700 gallons per hour. 


AUTO-KLEAN LOLOS 

Wire-wound filters for 

the protection of 

hydraulic systems at 

pressures up to 5,000 

Ibs. per square inch. 
v 





~ oo 2 
od 


AUTO-KLEAN FLUSHFLO > 
Self-cleaning wire- 
wound filters for 

fully automatic 
protection of water 

and oil circulating 
systems at flows at up 





depth filtration to AUTO-KLEAN WYMESH to 400,000 gallons 
defined micronic limits Special gauze filters for per hour. 

for all low viscosity fine mesh protection 

liquids at flows up to at flows up to 42,000 









5,000 gallons per hour. gallons per hour. 
AUTO-KLEAN STRAINERS LIMITED 
ENGINEERS IN FILTRATION 


FSU IYO OSS PES EALYN 
LASCAR WORKS . HOUNSLOW .- MIDDLESEX 


AUTO-KLEAN MICOM - AUTO-KLEAN FLUSHFLO - AUTO-KLEAN CIRCO Telephone : HOUnslow 7722 (10 lines) 





AUTO-KLEAN LOLOS AUTO-KLEAN KOTON AUTO-KLEAN WYMESH 
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Consult BATES for fabrications in 
Stainless Steel, Aluminium& Mild Steel 








Burst Slug Cage 
Part of the Chapelcross 
installations we manufactured 





1,500 gallon double agitated mixing vessel 
designed specially for one of the largest 
chemical companies, fitted with three high- 
pressure steam nozzles, level indicator gauge, 


thermometer pocket and cooling inlets, etc. 





By kind permission of Courtaulds Ltd., Coventry 


Fume Scrubbing Plant 
recently manufactured and 
erected by Bates Bros. Ltd. 


at Greenfield. 


We specialize in Heavy 
and Light Fabrications. 


Press work up to 800 tons. 


Illustration shows a portion of a large 
ventilation scheme recently installed for the 


: United Kingdom Atomic Energy Authority. 
Mass production of We have a fine staff of experienced engineers 


Tractor, Dumper and Agricultural capable of designing plants for most indus- 
trial requirements. Our Technical Director 


Parts. 


will be pleased to give you personal service, 


BATES BROTHERS (Engineers) LTD 


ENGINEERING DEPARTMENT 
RELIANCE WORKS, BAGULEY, WYTHENSHAWE, MANCHESTER 23 
"Phone: WY Thenshawe 3411 (5 lines) 
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‘M’ range Gensprings 
up to 80,000 Ibs. 
and 12 travel 
... only 2% deviation 


Our new ‘M’ range of Constant Support Hangers is now 
available for loadings up to 80,000 Ibs. and 12” 
travel—down to 2°,, deviation. More economical, both 
in application and first cost, and more compact than 
previous types, they provide increased travel with 

less headroom requirement. The *M’ Hangers have been 
developed from the “W’ range which have been chosen 
for Britain’s first three commercial nuclear power 
stations. 
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At Bradwell, Berkeley, and Hunterston, Gensprings 

will provide safe, secure support of vital piping 
installations. The Constant and Variable 

Gensprings, together with the Sway Brace, provide a 
fully comprehensive range for all pipe support re- 
quirements and are, of course, widely used in conven- 
tional power stations, oil refineries, chemical plants, etc. 


If you would like to know more about the new ‘M’ 
range, please send for full details, 


Vokes Genspring 


SUSPENSION SYSTEMS 


VOKES GENSPRING LTD + GUILDFORD : eee + 
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Production 
British, 
Service 
International 


West Instruments Ltd. provide a range of tempera- 
ture controllers, produced in Britain for inter- 
national markets in the plastics, metal, nuclear, 
ceramic, chemical and process industries. An 
efficient after-sales service is backed by speedy 
supply of spare parts by West representatives in 
major cities throughout the world. In this way 
West instruments, fitted to exported machinery, 
are assured efficient maintenance. 


West instruments are proving themselves invalu- 
able in countries as far apart as Holland and Hong 
Kong, India and Italy, New Zealand and Norway, 
South Africa and Sweden. Full details of equipment 
and services from: 


sank| WEST 2 latument. 


52 Regent Street, 
Brighton, Sussex. Telephone: 28106 





Associate of the West Instrument Corporation of Chicago U.S.A. 
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MANCUNA-DUSTEX THE MOST EFFICIENT MINIATURE CYCLONE DUST COLLECTOR IN THE WORLD 


First — Bradwell Essex 





NOW AT LATINA. ITALY 


In conjunction with Agip Nucleare and The Nuclear Power Plant Co. 





MANGUNA HIGH EFFICIENCY MINIATURE 
CYCLONES FOR GO2 BYPASS & DRIER FILTERS 





MANCUNA ENGINEERING LTD., DENTON, MANCHESTER. Tel. : Denton 3965 (5 lines) 
Specialists in Gas Cleaning and Dust Technology 
London Office: 59 VICTORIA ROAD, SURBITON, SURREY. Tel.: Elmbridge 9793 


NUCLEAR POWER June 1959 Tick No 121 on reply card for further details 159 








Tick No 122 on reply card for further details 






Ry 


XlaNd Wis 












A wide range of pipe couplings 


Simplifix provide a full range of fittings, including straight and A Simplifix coupled pipe 
stud couplings, elbows, tees, banjos, crosses, cocks, etc. for use system can be made 
on almost any kind of tubing, including those with very thin quickly and securely. An 
walls, Fittings can also be supplied for use with plastic covered anti-friction washer pre- 


vents the pipe from twist- 
ing when tightening the 
locking nut. 


copper tubes. The high standard of dimensional accuracy of 
the Simplifix range ensures that all fittings are interchangeable. 








Please write for illustrated catalogue 








Regd. Trade Mark 


Simplifix Couplings Limited, Hargrave Road, Maidenhead, Berks. Tel: Maidenhead 5100 (10 lines) 





—_—_ 


aw No need 
7 for panic 


No need to feel you are sitting on a powder barre] 
when you have EPE Flameproof electric motors— 
Buxton certified, of course. We have an enviable 
reputation for building reliable motors, standard or 
special, which are completely safe. And we build them 
at a price which will delight you. May we send you 
details? 











( E-P-E THE ELECTRICAL POWER ENGINEERING CO. (B’HAM) LTD. 
Bromford Lane 


Birmingham 8 

Telephone: STEchford 226! ’Grams: Torque ’Phone Birmingham 

LONDON OFFICE: 421 Grand Buildings, Trafalgar Sq., London, W.C.2 
Telephone: Whitehall 5643 & 7963 
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AVO in action ... 


The photograph 
shows an AVO “D.C.” Amplifier Type 
1388 being used to measure current of the 
order of 10—'’ A in the ionisation chamber 
of an “Avo” Radiac Survey Meter. A 
radio-active source is being used to cali- 
brate the instrument and a Perspex screen 
is employed to protect personnel from Beta 
radiation. 

This is a typical example of how the AVO 
organisation, working in conjunction with 
Government research authorities. con- 
tinues to make its contribution in the fields 
of modern scientific development and 


industrial progress, 





AVO Instruments :— 


Model 8 AvoMeter Model 7 AvoMeter Mk. II 
Model 40 AvoMeter Mk. I! Heavy Duty AvoMeter Mk. V 
Panclimatic AvoMeters Signal Generators 
Electronic Test Meters Electronic Test Unit 
Valve Tester Type 160 Valve Characteristic Meter Mk. IIt 
Universal Measuring Bridge Type | Electronic Multimeter Type 38 
D.C. Amplifier Type 1388 Radiac survey Meters 

etc., etc. 


A fully descriptive Brochure is available on request for each of the Avo Instruments listed above. 


TD i V 0 L { dl @ VOCET HOUSE - 92-96 VAUXHALL BRIDGE RD. - LONDON °S.W.|1 


Telephone: VIC 3404 (12 lines) 





im 8 


ham 
cae Manufacturers of ELECTRICAL, ELECTRONIC & NUCLEONIC INSTRUMENTS and DOUGLAS & MACADIE COIL WINDING MACHINES 
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PROOF 
OF PALATINE 
PRECISION...|! 




























“‘HI-PRESFLEX’? METALLIC BELLOWS 


Designed for use with corrosive liquids and gases, these bellows 
are absolutely reliable at high pressures and temperatures. 
Over 40°, movement (331°, compression, 10°, extension). 
Normally produced in stainless steel, diaphragms can also be 
formed in any material capable of being welded. 

Typical applications include expansion joints, glandless valves 
and pumps, sealed pressure transmitters, pressure sensitive 
mechanisms. 

‘“ HI-PRESFLEX '’ BELLOWS have countless uses . . . 

in your equipment perhaps? Write now for details and 
specifications. 


PALATINE TOOL & ENGINEERING CO. 


(SURBITON) LTD. 64/76 BRIGHTON ROAD, 
SURBITON, SURREY. Telephone Elmbridge 7261/3 





RELAYS 
ELECTRONIC CONTROLS 
TIMERS 
FLUID & GAS CONTROL 


at y a. 
oe W288 
od 3 


ate 


The 1959 Edition of our Data Book is now 
available, it contains 44 pages of 
illustrated descriptions of our products. 

If you are interested in Automatic 
Electrical Control Apparatus a copy 

No. 144/N.P. will be sent free on request. 


| LONDEX LTD. 


ANERLEY WORKS, LONDON, S.E.20 
Telephone : Sydenham 3111 
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1000 MEN were comfortably housed 


and fed in 


siMMS SHERWOOD Prefabricated Buildings 


5 | at Chapelcross site 








), 
>, 
3 
AERIAL VIEW OF PART OF THE CONSTRUCTION CAMP Consulting Engineers: Merz & McLellan. 
Architects: L. ¥. Couves & Partners 
Simms design and build fully-equipped camps for any required labour force. 
Complete quotations prepared for dormitories, recreation blocks, dining 
halls, kitchens, offices, married quarters etc. 
Simms are also the makers of the C-DA and SOLID TIMBER WALL 
permanent construction systems. 
Full particulars available from: 
W. J. SIMMS SONS & COOKE LIMITED 
HAYDN ROAD, SHERWOOD, NOTTINGHAM 
Telephone: Nottingham 66264 (10 lines) 
Sales Office: British Simms Buildings Ltd., 4 Thames Chambers, 12 York Buildings, 
London, W.C.2. Telephone: Trafalgar 3383 
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for the most” 





BES ER comprehensive : 


METALS stock avatlable 


BRASS, COPPER, PHOSPHOR BRONZE, GUN METAL, NICKEL SILVER 
ALUMINIUM, DURALUMIN, TIN PLATES, ZINC SHEETS on 
TEE RODS, TUBES, STRIPS, SHEETS, BLANKS, ANGLES, CHANNELS 

RIVETS, SCREWS, NUTS, WASHERS, GAUZE, SOLDER 

PERFORATED SHEETS, STUDDING 


& SONS (CLERKENWELL) LTD. hone: CLE 1277 (14 lines) 
J. SMIT 42/54, ST. me. SQUARE, nies. LONDON, E.C.! "7 ‘an Dept: CLE 0925 











Aeronautical engineering is an excellent 
school for nuclear engineering. That is the reason for 

this advertisement. Armstrong Whitworth have been concerned 
with aeronautical engineering right from its infancy. 

Our machine tools and their highly skilled operators are 

now tackling a wide variety of engineering problems. 

We might well be able to help you. Write or telephone to: 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED 
BAGINTON, NR. COVENTRY. TOLLBAR 2261. 
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Chapelcross will use 








nuclear fuel handling plant 


ER 





. by Strachan and Henshaw 


(A MEMBER COMPANY OF THE NUCLEAR POWER PLANT CO. LTD.) 


ee ee ee ee ee ~~] 
12 REACTORS WITH S & H EQUIPMENT 
l Bradwell . ; ‘ ‘ ' , , ; . 2 reactors l 
7 Calder Hall A. ‘ ‘ ; ‘ ; ‘ . 2 reactors : 
| Calder Hall B... ; . ’ : : ‘ . 2 reactors | 
| Dounreay . : ; - : ° ‘ ; . | reactor l 
| Latina ‘ ; ‘ : . ; , ; . | reactor | 
: CHAPELCROSS . ; ‘ : ‘ . ‘ . 4 reactors 
Lace constr sem cesmiee nese sane <meta seca agin state saa Ginn Seen ail 


STRACHAN & HENSHAW LTD 


Designers and Manufacturers of Mechanical Handling Plant 


STEELHOIST WORKS . ST. PHILIPS . BRISTOL 
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Fabricated 


© Platework speciticativn 





We specialise in welded or riveted fabri- 
cations in Mild Steel, Stainless Steel and 
Aluminium Alloys and pride ourselves on 
the attention paid to constructional details 
which ensure trouble-free service for the 
finished product. 


A typical example of our craftsmanship is 
the fabrication of Ducts of rectangular de- 
sign for Power Stations or Boiler Houses. 
They are accurately fabricated to suit your 
requirements. 


Our “* FABRICATED PLATEWORK ” Brochure fully describes 
our Service and is available on application. 

















W. G. ALLEN & SONS (TIPTON) LTD. 
P.O. BOX 4 TIPTON STAFFS 
sine Tel: TIPTON 1266 


Typical examples of Allen’s Fabrication Service: Low Pressure Welded Piping for Exhaust Steam, Gases, Water, etc. Pipes and Ducts for Super 
Power Station Boiler Plant; Hoppers; Casings; Tanks; Flat Platework; Manipulated Platework of all kinds; Bed Plates and Frames for Machines, etc. 


7 OIL FREE 
COMPRESSORS 


DISPLACEMENT RANGE 1 to 136 c.f.m. 


In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The WD) 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 


Manufactured now for several years they have 
proved themselves successful in many industries. 


For further details please write requesting 
Leaflet Nos. 4, 20, and 28. 





IMustrated is the twin cylinder mode! 
having a free air delivery of 50 c.f.m 


WILLIAMS & JAMES iencineers) LIMITED 
GLOUCESTER - ENGLAND 


TELEPHONE GLOUCESTER 24021-2-3 TELEGRAMS & CABLES: “COMPRESSOR GLOUCESTER 
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Now Ready— 


THE CRABTREE 
ELECTRICAL 
HANDBOOK 


(Third Edition) 


The insistent demand for the CRABTREE 
ELECTRICAL HANDBOOK has now been met 
by an entirely new edition. This deals, 
in a practical way, with wiring problems 
and with the application of Crabtree pro- 
ducts in relation to existing wiring regu- 











lations and methods of _ installation. 
Reference sections have also been im- 
proved and extended. Copies of the 


CRABTREE ELECTRICAL HANDBOOK 
may be obtained from your usual 


bookseller or by using the order 
form below. 


q ACTUAL SIZE 








CONTENT §S 

Planning the Installation Some Problems of Earthing Installation and Maintenance of 
Tumbler Switch Wiring and Earthing Equipment Control Gear 

Applications Wiring for Inspection Principal Components of Crabtree 
Accessories for Flush Wiring Alternating Current Motors Control Gear 
y veer ty Wiring ¥ M Starting Methods Reference and Data Tables 

ccessories for Ceiling Wiring ee Soe ; ‘ err 

Lighting and Lamps The Control of Electric Motors Electrical and Allied Institutions 
Fixing Methods and Devices Motor Control Gear and Associations 
Protecting the Installation Remote Control Electrical Journals and Periodicals 








CRABTREE 


WIRING ACCESSORIES - CIRCUIT BREAKERS - CONTROL GEAR 





To J. A. Crabtree & Co. Ltd., Lincoln Works, Walsall, Staffs. 


Please forward a copy of the CRABTREE ELECTRICAL HANDBOOK for which a remittance of 5/- is enclosed 
(Please write in BLOCK letters) 


NAME 
ADDRESS 


sdaceicatectentccacviginaciten = i sivquccnessssses Oe 
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CO2 for instance 





By the selection of a suitable grade from our range 
of porous ceramic media, Aerox Filter Units will 
effectively withhold all solid particles of a given 
micron size, down to sub micron sizes, and also 
remove the gross oil and moisture contamination 
which is often evident in compressed service lines. 
Their resistance to thermal change and chemical 
action make them especially suitable for the 
filtration of CO, gas. 

Find out more about the range of Aerox 

Filter Units. Please write for literature. 


FILTER UNITS 
AEROX LIMITED Leaders in a specialised field 


Ceramic Works, Hillington, Glasgow SW2 
Telephone: HALfway 4615/6 


Engineering Works, Crompton Way, Crawley, Sussex, 
Telephone: Crawley 25077 
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Make Light of Weight 


with 


(GD 


O.T.’s 


World Patents Pending. 
Omni-track Conveyor Ball Units having dynamic load 


a 


capacities from 50 Ib. to 5 tons each with }” to 2” dia. 
load balls. 








_} 





O.T.’s provide instantaneous change of direction 

automatically accommodated at any angle, with effort- 

less ease. On cast iron or hardened steel plate starting 

effort may be as low as 1° with gross load. Special 

rotary applications as low as 0-25°% per gross load. 
Ask for List No. 275 


CASTORS 


Ask for List No. 275C 
Over 25,000 types and sizes including wheels from 2” 


to 46” dia. and loads up to 30 tons each. Sprung, 
automatically braked, Ackerman steered, Jacked, 
direction or wheel-locking, etc. 


Twin 46” 6” tubular shank, 
Pneumatics, 6-ton 90-Ib. 


Twin 20” solid 
tyred, 5-ton 


DRAWER SLIDES 


Ask for List No. 275S 








Three-piece Extension Drawer Slides, 12” to 37” lengths 
ee 
Two-piece Extension Drawer Slides, 10” to 25” lengths 


Also Trolleys, Trucks, Conveyor Rollers, etc., etc. 


AUTOSET (PRODUCTION) LTD. 


73-78 STOUR STREET, BIRMINGHAM 18 
Telephone : EDGBASTON 1143 
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Nuclear Power 


To D ¢ 
es READER INFORMATION SERVICE N° 9 39527 
SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS i on one 
Il est souvent difficile au client 
publicitaire d’indiquer dans un 
espace restreint tous les détails 
de ses produits. Dans le cas o% 
vous désireriez de plus amples 
renseignements a ce sujet, veuillez 
pointer le numéro approprié sur 
la carte ci-contre et envoyer cette 
dernitre NUCLEAR POWER. 


If you would like further information about any adver- 
tisement or editorial item, simply tick the appropriate 
numbers on this card and mail to NUCLEAR POWER. 
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NAME 
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NAME OF BUSINESS 





ADDRESS 





AUSKUNFTSDIENST FUR 
LESER 

Es ist oft schwierig fur Inserenten 
alle technischen LEinzelheiten 
aber ihre Produkte in einem 
begrenzten Platz zu bringen. 
Sollten Sie noch weitere Aus- 
kiinfte witnschen, streichen Sie 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an NUCLEAB 
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New Products and Tech. Literature 
POSITION HELD 





+ NATURE OF BUSINESS 
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POWER. 


SERVIZIO D’ INFORMAZIONI 
PER | NOSTRI LETTORI 0 3 9 5 9 7 
E’ talvolta difficile alPinser- REACTORS “MATERIALS INSTRUMENTATION PROCESSES IRRADIATION READER INFORMATION SERVICE e -~ 

tionisia di indicare in uno 
apazio ristretto tutti + particolars 
dei suoi prodotti, Qualora de- 
sideraste ricevere pits ampie 
informazioni a questo riguardo, 


PRBS hao SEX 


of 
ee 





Teigee 


If you would like further information about any adver- 
tisement or editorial item, simply tick the appropriate 
numbers on this card and mail to NUCLEAR POWER. 


yore 


bia dee 


favorite segnare il numero 
appropriato sul cartellino qu 
accanto ed inviare quest’ ultimo a 
NUCLEAR POWER. 


NAME 





NAME OF BUSINESS 
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SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en wun 
espacio limitado todos los detalles 
técnicos sobre sus productos. Si 
desea ulterior informacion, 220 226 238 POSITION HELD 
marque los nimeros apropiados 221 227 239 
en la tarjeta opuesta y mdndela a ot as es 


NUCLEAR POWER. 4 7 242 NATURE OF BUSINESS 


ADDRESS 
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NUCLEAR POWER. 





=i SUBSRCIPTION CARD Ne 39527 


| want my own PERSONAL copy! 


Please send me NUCLEAR POWER for !2 months/until countermanded: 
U.K. £2. 2s. Od. 
U.S.A. and Canada $8.00 + 50c. postage 
Other countries £3. 3s. Od. CD Subscription enclosed 
starting with the issue C0 Invoice me later 


A Ph 45 304 


> the (ak be 
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NAME 





SEND TO MY HOME/BUSINESS ADDRESS 
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LOURDON 


IGEMA DISTANCE BOILER WATER LEVEL INDICATOR 





BRADWELL 72 INDICATORS 
BERKELEY 64 " 
HINCKLEY POINT 24 i. 

TOTAL 160 FOR 3 POWER STATIONS 


Showing once again the complete confidence 
placed in the IGEMA INDICATOR for absolute 
ACCURACY and RELIABILITY in water level indication 








—JAMES GORDON & CO LTD, DALSTON GARDENS, STANMORE, MIDDX.— 


4 MEMBER OF THE ELLIOTT-AUTOMATION GROUP 


IN MANY FORMS - HAS MANY USES 





e ee e NOBRAC CARBON LTD. 


COMMERCE WAY - LANCING - SUSSEX 
Telephone Number: Lancing 2053 (3 lines) 
AN ENTIRELY INDEPENDENT COMPANY IN THE CARBON INDUSTRY 
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ENGINEERS!! 

TO BRITISH 
AND 
AMERICAN 
STANDARDS 


STAINLESS STEEL STUB NIPPLES 
AND OTHER PRODUCTS 


..andyou BUY BRITISH! 


Fe URIS 


& CO (TUBES) LTD 





FABRICATED 
PIPEWORK 
IN STEEL, 
STAINLESS 
STEEL AND 
COPPER 








74 82 PARADISE ST., LONDON, S.E.16 
BERMONDSEY 3156 7 8 


WALSALL MANCHESTER: PONTYCLUN 








MALLEABLE TUBE FITTINGS 
TO BRITISH STANDARD 1256 





| - as British as the 
Flag 





THE HEART OF RELIABILITY 


TM MR 
ili OTE A 
Whatever you make ih nr pall 











you need 








and we are here to design it, make it, 0) 
hire it, repair it, yes—and talk about it. 
The more exacting and precise your work, the 
greater the need for equipment, not only of 
high quality, but expertly designed for its 
particular function. Our service is backed ee: 
by nearly a century of specialised knowledge . 4601-3 
Wael. MOORE Ltd. Lifting Gear Specialists 
13-31 Poplar High Street - London - E.14 Established 1863 
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To be sure... 


Since 1750 GRAZEBROOK have served Industry and have 
been in the forefront of Industrial development. Today 
the company is equipped to meet the most exacting 
demands of modern industry and we invite you to contact 
us with YOUR particu'ar production problems. 





eli 7.4 y=} leole) .¢ 





LEAD SHIELDING 


REACTOR TANKS 


PRESSURE VESSELS 


(STAINLESS STEEL AND 
ALUMINIUM) 





CHEMICAL VESSELS - CALANDRIAS 





HEAVY MACHINING 
FACILITIES 


Plant and Machinery manu- 
factured tocustomers’ 
design, including the 
Chemical, Steel, Plastic and 
Rubber Industries. 





GREY IRON CASTINGS UP TO 20 TONS 


M. & W. GRAZEBROOK LTD 


- WORCS 


Telegrams: Grazebrook, Dudley 


DUDLEY 


Telephone: DUDLEY 2431-3 
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SOLENOID 
VALVES 
OIL & ne BURNERS 


PNEUMATIC & HYDRAULIC 
CONTROL SYSTEMS 


PRESSURE 
& FLOW 
SWITCHES 


for LIQUIDS & GASES 





We have developed 
many new units, 
capable of dealing 
with very high pres- 
sures, for nucleonic 
and guided missile 
applications, and for 


up-to-date industrial 


requirements. 







Differential pressure switch incorpora- 
ting two diaphragms giving operation 
at very small differentials and very 
high pressures—fully adjustable. 

(DPS MkII) Pat. applied for. ae 


Solenoid-operated lever valve 
with reversible cage giving direct 
or reverse action at will. For high 
viscosity oils. (HDOL 

Pat. applied for. 


( BLACK Jay 





AUTOMATIC CONTROLS LTD 









(A.I.D. Approved) 


CORSHAM  - 
Tel: Hawthorn 136 


LEAFIELD - WILTSHIRE 
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WATER 
is still in the foreground... 


However revolutionary the methods of 
producing power may become, water is still 
all-important ; and the need to give complete and 
lasting internal protection to water tanks 


in modern plants remains paramount 


With a reputation consolidated over 30 years 
of successful use 

BITOTES Solution and Enamel 

prevents interior corrosion of all 

steel and concrete water containers and 
conduits. BITOTES cannot crack or peel 

and is tasteless and odourless when dry. 

It is fully approved for Fresh Water, Drinking 


Water, Demineralised Water, etc 


May we send you details 


BITULAC LIMITED 


(PAINTS DIVISION) 


Collingwood Buildings, Newcastle upon Tyne, I. 
London Office: 189/190 Temple Chambers, 
Temple Avenue, London, E.C.4 
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available for 
all industrial 
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technical literature 
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HIGH AND LOW LEVEL 
APPLICATION 





J. EDWARD HALL (Elec. Engineers) LTD 
THE TOWER, 140, RABY ST., MANCHESTER 14, ENGLAND 
Telephone: MOSS SIDE 4363 
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NEUTRON SHIELDING 


_——__.—_ HYDROBORD provides insulation 








_—_-——_ against Fast and Thermal Neutrons 


—_— ™—_ —"_ or combinations of both. 


PN 


\ 








and Sons IL.td. 


HACKNEY 


Telephone: Shoreditch 7654 





ROAD : 


LONDON =: 


LE ~¢| 


William Mallinson ~,© 


ze A‘ o . 5 
? \\ , es 
ses 2 ot" \) > 
\ ss ; 
E ° 2 ee Oc 


Telegrams: ‘Almoner’, London \ 


alls jae wich Duratrak * 


for high-efficiency voltage control 


VARIAC is the original continuously- 
adjustable auto-transformer, providing 
a smoothly variable output voltage from 
zero to 17% above line. Ultra-low-loss 
‘rolled’ core and DURATRAK (patent) track 
surface give very high efficiency at all 
settings. A very wide range of models is 
available, from small units (e.g. type V-5, 
illustrated on right) for laboratory and 
instrument use to large ganged assemblies 
for three-phase power. 

VARIACS can be supplied open or covered, 











76 OLD HALL ST LIVERPOOL 3 - Tel: CENTRAL 4641-2 
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as single units or ganged assemblies of 
two or more units, for manual operation 
or motor-driven. The range includes 
portable models, metalclad models, 
dual-output models, high-frequency 
types, and many ‘specials’. 

*DURATRAK is a rhodium-covered, silver- 
plated track surface, which inhibits oxida- 
tion of the brush track and greatly reduces 
contact resistance, giving longer life, 
increased overload and surge capacity 
and maximum economy in maintenance. 


VARIAC and DURATRAK 


Type V-SHMTF. a small variac for 
laboratory use. Output 0-270 V. continu- 
ously adjustable, from 230 V 50 c/s mains. 
Rated current 2 A. Provided with terminals, 
switch, fuse and 3-core lead. 


For complete information on the 
entire VARIAC range, request 
Catalogue 424-UK 


Only VARIAC 


Gl ff Ltd are registered trademarks has 
aul e pons > DURATRAK is protected by 
U.K. patent No. 693406 D U R A T R A K 





VALLEY WORKS * HODDESDON * HERTS - Tel: HODDESDON 3007-8-9 


CL/46/E2A 
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UTILITY 


foie uy cou NTER 
SHIBEN Cody TER 


Wf A highly sensitive, 
portable, general pur- 
pose instrument for the 
detection and qualita- 
five measurement of 
gamma, hard beta and 
x-rays, Supplied com- 
plete with hattery 
pack and comprehen- 


sive instruction book 
£10 ' 0° 0 
plus batteries 
£2°15°3 


The circuit embodies a UKAEA patent and employs a low- 
voltage, halogen-quenched tube in a simple integrator circuit 
that provides three ranges of visual response by flashing neon 
and a loudspeaker count of each ionizing event at low radia- 
tion together with an immediate appreciation of any significant 
flux change at higher intensities. 

The Utility Counter is suitable for radioactive survey in the 
location of thorium or uranium ores and for realistic Civil 
Defence training. The pulse output socket facilitates connexion 
to external circuits, oscilloscope or recording scale and is thus 
of particular advantage for demonsirating nucleonics in schools 
and technical colleges. 


RADIATION MONITORS LIMITED 


52 Tottenham Court Road, London, W.1 
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ee 
Man and Method 


The result of this craftsman’s work will be an 
interior surface, smooth as silk—without blemish, 
and completely safe for the bulk transportation 

of edible liquids. 

He is skilled and proud of it and, like his colleagues 
in other crafts, he meets the exacting demand set 
by Darham in the construction of road tanks, 
transportable tanks and storage tanks for customers 
in countless industries at home and overseas. 


DARHAM TECHNICAL ADVISORY SERVICE is on cail to you. 
If you would nave tanks that are accepted as a 
standard by which others are judged you will 

seek the advice of Darham. 


DARHAM build fine tanks in Mild Steel (suitably 
lined if necessary), Stainless Steel and Aluminium. 





shen a tshee! 


DARHAM INDUSTRIES (LONDON) LIMITED 
17 Surrey Street, Strand, London, W.C.2. 
COVent Garden 0556 

WORKS : BASILDON ESSEX AND DURHAM CITY 
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Congratulations to The Atomic Energy 
Commission on the provision of 
Scotland’s First Atomic Power 
Plant at Chapelcross. 

We have had the honour of supplying 
many of the MODERN TRUCKS and 
items of MATERIALS HANDLING 
EQUIPMENT used. 














* FLAGSHIP "' TRUCK No. 1705 


OUR SERVICE IS AVAILABLE TO ALL 
Catalogue sent on request 


ANGEL TRUCK CO. LTD. “works © 


215-9 ALBION ROAD, LONDON, N.16. 


Telephone : 
CLissold 6641 
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MAKE LIFE EASIER 
with the PRICED 


STAINLESS STEEL 
STOCK LIST 


Look first at the largest and most Comprehensive 
Stock List in the Country. Mill prices 
and foot/Ibs. weights are shown against 
every item. The stock list is revised 




















and mailed every sixty days. Write 
or phone for your copy today. 


ANY QUANTITY AT MILL PRICES. 
AID-ARB approved. 


te 


bo Tee 


TAYLOR STAINLESS METALS 


BRITAIN’ PRINCIPAL STAINLESS STEEL STOCKHOLDERS. ‘ LTD. 
ebeatinenns cues . debian . Gain . Gis enone and at UNION CHAMBERS, 63 TEMPLE ROW,[BIRMINGHAM 2 TEL: Midland 1430 











Where 
PYROMETRY 
prevails... 


Higher Process temperatures de- 
mand accurate thermal control, 
and reliable pyrometer sheaths and 
thermocouple insulators are now 
in essential. Thermal aluminous 
porcelain, mullite and pure re- 
crystallised alumina sheaths and 
insulators are used up to 1,500°C.., 


1,700°C, and 1,900°C. respectively, 





tor tempe rature measurements 


in gas, oil and electrically heated @ Thermal Fused Alumina and Fused Magnesia powders and cements are also available. 
furnaces, flues and pipelines. @ We also manufacture an extensive range of Vitreosil Laboratory Ware. 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6, WALLSEND, NORTHUMBERLAND. Telephone: Wallsend 6-3242 
LONDON, 12-14 OLD PYE STREET, WESTMINSTER, S.W.1. Telephone: Abbey 5469 
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- accurate 


particle size e? |= x. #4 WSs 


analysis TO SPECIFICATION 


Simply vibrating or shaking test 
sieves by hand is not enough for 
an accurate sieve analysis of the 
particle size range of a material. 


| mm aap Ry» 





+ 


f 


+ 


Vibration alone tends to aggregate 
rather than segregate particles, and 
shaking test sieves by hand is 
tedious and obviously inefficient. 


The Inclyno Test Sieve Shaker, with 
a double movement that gyrates 
and jolts the test material around 
the entire surface area of the mesh 
of each test sieve, ensures perfect 
segregation of the various particle 
sizes in the shortest possible time. 


e-eereeeer er eee es 
Ceoeeeeeereeseeeee eee eeeese 





The Inclyno Test Sieve Shaker is 
an essential unit for all labora- 
tories and is standard equipment 
for sieve analyses in many govern- 
ment laboratories, nationalized in- 


dustries and industry in general. POST OFFICE TYPE 


Operated by fractional h.p. motor and supplied complete with automatic 


TT rindi, 3,000 and 600 RELAYS 


Specialists in tropical and Services jungle finish. 


Guaranteed to full A.I.D. and I.E.M.E. standards. 
TEST SIEVE SHAKER 


Prompt Deliveries Prototypes within 24 hours. 
Write or telephone THE PASCALL ENGINEERING CO LTD 


Crawley 25166 for Manufacturers to H.M. Government Departments and leading Contractors E 
List IN 3206 GATWICK ROAD « CRAWLEY - SUSSEX 





7-erreererreee 


s"e"e"e"0"0"0"0"0"0"0"c'o"c"c"c"e"c"e"e"e"e"e"e"ee"e"e"e", — rr) 
Se 





Post Office approved. All relays guaranteed made in our own works 





P.T.F.E. insulation now available. 


L. E. SIMMONDS LIMITED, § BYRON ROAD, HARROW, MIDDX 
TELEPHONE: HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW 





Tick No 152 on reply card for further details 
Tick No 154 on reply card for further details 


Fabricated by 


FOR GEARS 
AND GEAR UNITS — 





Tae & => 
D E S C R PT 0 N q = 60" Tansphere Valves 


being supplied by 
Hopkinsons Ltd for 
Bradwell-on- Sea 


... the bodies for twelve 





Nuclear Power Station 








We have a technical representative or agent in your area <r 7 

backed up by a competent technical staff to give you ———— 

expert advice. Call us in early in the design stage. We ===} __— YARROW & CO. LTD 

may be able to reduce the cost by advising one of our eres 

standard gear units. —=———}_— SCOTSTOUN, GLASGOW, W4 
HIGHFIELD GEAR & ENGINEERING CO. LTD., == _—“ SCOTLAND 
NILE STREET * HUDDERSFIELD - YORKSHIRE pa 

Telephone : Huddersfield 4490/1/2 Telegrams : Higears SS 
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‘SPEEDIVAC’ VACUUM FURNACES 


MELTING - CASTING - ANNEALING - BRAZING 
SINTERING - INDUCTION DEGASSING 


Whatever the material — steel - copper - magnetic alloys - 
reactive metals-rare metals—vacuum melting can, 
unlike other processes, guarantee a censistent high 
quality product so that little or no rejection is necessary. 
Suitable vacuum processes can also be employed for the 


. : Oo x 
produc tion of good quality C omponents trom 100% sc rap. 





Powerful vacuum pumping systems, inc luding rotary, 


56 Ib. vacuum melting and casting diffusion and booster pumps, are fitted to * Speedivac 


’ ; the production of special 7 
sapiens tar pilig ii vacuum furnaces from the small } Ib. (227 g) to the large 
vacuum steels and alloys. 


single and double 5 cwt. (254 kg) production furnaces. 
(Courtesy of G. L. Willan Ltd.) : 


EDWARDS HIGH VACUUM LTD., MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND. CRAwley /500 


MR.5 


“ 
wee 
bid 


Know-how 


Our experience in nuclear engineering is as 
old as the industry, yet is based upon many 
years of manufacturing for the chemical and 
other industries. As a result, we have per- 
fected production methods to that high 
degree so vital in nuclear engineering. Our 
range of products is extensive and we 
are confident that we can help you. Your 
enquiries regarding fabrications in stainless, 
stainless clad, monel, copper and other non- 
ferrous and ferrous metals will be welcomed 
and dealt with promptly. 








_— Purge Trap with large diameter 


ehaceatetetl eee Pressing, Spinnings, Chemical and Electro-brightening, Anodising, Argon Arc Welding, 


X-raying, crack-detection, pickling and vacuum-testing. 


4 For further details write to:- sis 8 oe OBO) Oy FP) 88.7 8 88 Oh Ore He om 





THE LONDON ALUMINIUM CO. LTD. WESTWOOD ROAD, WITTON, BIRMINGHAM, 6, ENGLAND. Tel: EASt 1561 (8 lines) 
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L A R K TUBE CLEANING 
EQUIPMENT 





LARK 
*GD 250° 
TUBE CLEANER 


for Condensers and 
Heat Exchangers 


Powerful geared ‘Lark’ air motor 
speed 2,000 r.p.m. operating 
pressure 80 Ibs./sq. in. designed 
for straight tubes }” to 2” 1.D. 
Drills, reamers, brushes supplied 
together with drive and driven 
shafts of any length. Replaces 
slow hand cleaning methods. 


Please write‘ for} further details of 
Lark tube cleaning equipment. 


INDUSTRIAL DESCALING TOOLS LTD 
the manufacturers H.WILLIAMS & SON LTD jt 
LARK WORKS, SANDRIDGE ROAD, ST. ALBANS, HERTS. ‘Dp? 


iridalltigea) for 
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PREMIER 


THE FIRST NAME AND LAST WORD IN 


COOLING TOWERS 


WE DESIGN THE PLANTS 
WE MANUFACTURE OUR OWN PRODUCTS 
WE ERECT THE PLANT 
WE GUARANTEE THE PERFORMANCE 


Our after sales service and advice are 
always at your disposal 


THE PREMIER COOLER AND ENGINEERING CO., LTD. 
Shalford, near Guildford, Surrey 
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Hard to keep « 
the Job 
in place ? 


For REALLY efficient i. \ |, \ 


WORK CLAMPING insta . 
i li- 
Ihe Newton Hydraulic Clamp Sys- 
tem pe all work holding diftic 

EWITON wma ties, quickly, simply and safely, 
Z Cuts production times and cosis 
with any shape or type of work- 
e piece. Plungers can be grouped in 
numbers to suit any particular job, 

druulec Holding pressure of from 800 

to 4 tons. Maximum pressure w 


smatlest plungers. Easily adapt: 
to any fixture design. 


QQ WWW "E'F-”F:idND 
QQ MM °’"”’'"’'”™"t’"Ftmhwh»’yi 


SYSTEM 





Y 
MMM 
Write for fully illustrated technical booklet 
, J3/243 
P J LIMITED ; 
Telephone: Shepherds Bush 3443/6 


VALETTA ROAD, ACTON, W.33 | Telegrams: Newsorber, Ealux, London 
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INDUSTRIAL 
VALVES 
for all purposes 





BOLTED COVER GLOBE STOP VALVES 
GUNMETAL GATE VALVES 
CAST IRON SLUICE VALVES 
PARALLEL SLIDE VALVES 
CHECK VALVES, STRAINERS 

SAFETY VALVES 
BENDS, TEES and UNIONS 
CAST STEEL and STAINLESS STEEL 
FITTINGS 





PEGLER & LOUDEN LTD. 


54 BROWN STREET, 


GLASGOW C.2 
87 Shaw Street, 
Liverpool 6 


113 New Bridge St., 
Newcastle-upon-Tyne 1 
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Ruggedly built, but still 
mobile, the Muller Macrotank H 
is specially developed for 





on-site radiographic examination 
in heavy industry, ship and 
bridge building, nuclear power 


, — < | : ) rivate and refinery construction — 


wherever complete and accurate 


iS weld examination is essential. 
GE The small focus (2.3 mm.) of 
Sy s0 L— eae the Macrotank H gives really 


; * f sharp definition, with a 
‘ with Pb screens in reasonable 


industry exposure time. It is low in cost, 


reliable in use, and backed by 


penetration of up to 2}” of steel 


full service facilities which may 
be on contract if desired. We 
shall be glad to send you 

full details. 

The Macrotank H is a product 


‘ - 2) cent of C. H. F. Muller, Hamburg. 


Sole Distributors in U.K. 
1443/6 


ne RESEARCH AND CONTROL INSTRUMENTS LIMITED 


Instrument House, 207, King’s Cross Road, London, W.C.1. TERminus 8444 





(RCLO416A) 


* —— S A F E R with Siebe, Gorman 


NOW AVAILABLE «~ 
The Siebe. Gorman . 
Vista Mask is now 
supplied to HARWELL 
and A.W.R.E. 
ALDERMASTON and 
other British Nuclear 
Power Establishments. 


ails 








5 





Scientist’ wearing 
Siebe Gorman Breathing 
Apparatus weighing 
uraniumina laboratory 
at an atomic reactor 
establishment 





{iso: Protective Clothing, Dust Respirators, Gas Respirators 
and other types of breathing apparatus 


Write now for further details 


SIEBE, GORMAN : 
ZT \ 


- Neptune Works, Davis Road, Chessington, Surrey 
6 Grams: Siebe, Chessington Tel: Elmbridge 5900 - Manchester Office: 274 Deansgate Tel: Deansgate 6000 - Agents throughout the World 
TGA SG 20 
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THE “DAVISON” VACUMETER 


A Mercury Column Vacuum Gauge 
for accurately registering the absolute 
pressure within a Steam Condenser 








%*% Standard Vacuum Gauges in Central Electricity 
Generating Board Power Stations 

% Exported throughout the world and used on Turbine- 
driven Steamships. 


DAVISON & CO. (HEXHAM) LTD. 
HEXHAM -ON-TYNE iia 


Telegrams 


ENGLAND 


** Davison, Hexham.”’ Telephone: Hexham 7 
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ENDECOTTS 
Indie TEST SIEVES 
tory 


No Crevices to trap 
particles, frame and wire 
cloth are joined as one. 





Guaranteed 
Accurate — 
Manufactured 
under licence 
from the British Standards Institution. 
Mechanical Sieving is ideal with Endecotts Sieves—several simul 
taneous tests are possible with intermediate receiving pans. 
British, U.S. Standards and Tyler Equivalents are , 
readily available, many other international standards 
also supplied. 


**ENDROCK ”’ TEST SIEVE SHAKER 


saves valuable time and effort of skilled personnel, 
similar to manual motion but is more consistent 
having a regular mechanical action—a time switch 
controls the length of time for tests. 

We operate a Recovering Service—if sieving is 
important to your business, ring or write for literature 
—or for any advice you require—we'll be glad to help 


ENDECOTTS (FILTERS) LTD 


Lombard Road - London, S.W.19 
Telephone: LiBerty 8121/2 Telegrams: ENDFILT, LONDON 
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STEEL 
ROLLING! 
DOORS 


WITH FLAT LATHS* 


Barker Steel Rolling Doors gain considerable strength from their flat 


design, the endlocks on alternate laths making the door secure and rigid 
The flat laths are of steel, and are identical, replaceable or interchangeable 
prime painted, sherardized 


ind can be fitted to the widest openings 


in case of damage. They are rugged, neat 


galvanised as required 
ALSO AVAILABLE WITH CONVENTIONAL CURVED LATHS 


Write f fully informative literature t« 


JOHN BARKER & SONS (ENGINEERS) LTD. 


Union Street, 


» Dept. A7 


Ancoats. Manchester 4. Telephone: COLlyhurst 2018 


London 71 Strawberry Vale, Twickenham Tel POPesgrove 0794 
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STEEL FABRICATING 


AND 


MACHINING SPECIALISTS 


LLOYD'S CLASS Il FUSION WELDED VESSELS 
CONTRACT GUILLOTINING—96” x 
HYDRAULIC FORMING & BENDING—150 TONS 
PLATE ROLLING—120” x 3” 
PROFILE CUTTING UP TO 6” THICK 
ARC & GAS WELDING 


a 
MACHINING CAPACITY 
UP TO 88” DIAMETER & 144” 
* 
OIL, WATER & ACID STORAGE TANKS 
Ex-Works & Fabricated on Site 
* 


EXPERIMENTAL & RESEARCH CHAMBERS 
VACUUM VESSELS, PROCESSING & STORAGE 
TANKS, DUCTING. PIPEWORK 
CHIMNEYS. HANDLING EQUIPMENT 
HEAT EXCHANGERS & STRUCTURES 





LENGTH 


Enquiries invited 
EMPIRE WORKS 
163 CLARENCE STREET 


OcRING & 
Phone Kingston 6820 & 6272 











NUCLEAR POWER June 1959 





Bot! 
be fi 
Indi 
tor |! 
Vises 
signe 
clea 
ol fl 
purp 
are 

mod 
desis 





Tick No 167 on reply card for further details lick NO 168 On reply card for turtner aetaiis 


SP <F UKAES 
Jf 





> ENQUIRIES INVITED 
4 <i. —\K Jf 
tJ (fF f 
CA cide \7 
A \\_ PRECISION ENGINEERS® » 


LED 
¢ ant ystAr 4 
} #* - vii rpos 





the flow with 
the ‘Telicator’ [| 
Both low and high pressure systems can 


1 be fitted with a Telicator Visual Flow 
Indicator, which is a simple instrument 





for indicating the flow, whatever the LARS i eae ecisl 

viscosity. The rotors are specially de- panticl curring: 9POo vertical: b 

signed by Dukes and Briggs to give the prieF ai screw : univers?" - spindle 
aarest icati ar enacific ir . , Cor. «Pa e. Mu 

clearest indications over specific ranges LATHES © A CINES * Ppurpo® K ensitiNe i 

of flow rate. Water supplies for cooling MAILING “ padials. aces inte 

purposes and forced lubrication systems MACHINES * Tapp iy riversal sur raed 

are two typical applications. A new pRILLINs jain, UN Double 


model is under development for use with opaque fluids, and special 


ANG MACHINES Ss M vo 7 - «) 
designs can be made to meet specific requirements. GRIND WAACHINES pROACHIN ze spindly. e 
¥ > a8 


Note these features 


aut 
) 
@ Simple design ensures complete reliability. 
@ Extreme sensitivity at all pressures. 


xt ! . M n\ 
@ Units readily adaptable to existing installations. ) Y> 
) 


wach in 
cREW 1a to 
09 “— esses ' Up 

















@ May he mounted in any plane. wal 
®@ Comparative flow gauged by speed of revolving rotor. | 
. 3 wW 
4s § L// 
REGD 
SIR W. H. BAILEY & COMPANY - LIMITED SCREW MACHINE PRODUCTS LTD. 
D PATRICROFT - MANCHESTER - ENGLAND Wooburn Green, Nr. High Wycombe, Bucks. 
: Phone: Eccles 3487-8-9 Grams: Beacon, Telex, Eccles Telephone: Bourne End II! & 101 
0 LONDON OFFICE SELINAS LANE, DAGFNHAM FSSFX PHONE DOMINION 2277/8/9 
1794 TGA TRI 
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We invite your enquiries for 
DUCTING - CLADDING 
HOPPERS - TANKS 
VENTILATION - FUME REMOVAL 
THE UNITED KINGDOM DUST EXTRACTION 
ATOMIC a AUTHORITY METAL CLAD INSULATION 
CHAPELCROSS Fabrication in 
CALDER HALL ALUMINIUM - MILD STEEL 
CAPENHURST 
DOUNREAY STAINLESS STEEL 
SPRINGFIELDS 
WINDSCALE GALVANIZED STEEL 
Established 
1872 
HENRY HARGREAVES & SONS LTD., ENGINEERS, COOK ST., BURY, LANCS. Phone: BURY 5082/6 
London Office:—437 Grand Buildings, Trafalgar Square, W.C.2. Phone: Whitehall 8876 
= HH2 
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KIDDE 


on guard at 


Chapelcross 


Fire Precautions in the Turbine 
Hall and Reactor Buildings 

1, 2, 3, and 4 are entrusted to 
Kidde. The safety of personnel 
and the protection of vital 
equipment are ensured by the 
installation of Kidde Electric 
Fire Alarms, and Kidde 


Automatic CO, ‘Total Flooding’ 


Fire Extinguishing Systems. 


THE WALTER KIDDE 
COMPANY LTD 


Industrial Fire Protection 


NORTHOLT, MIDDLESEX 
TELEPHONE: VIKING 6611 
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Kez 


GUN & BULLETS | 
for tube cleaning | 


Tube cleaning Bullet for con- 
denser tube cleaning. Latest 
Keza pattern combining coils 
in imbricate form with Nylon 
backing. 


Kleen-e-Ze Tube Cleaning 
Compression Gun fitted 
with clear plastic anti- 
splash-disc. Bullet in Nylon 
or Brass Wire. 


een -e- 
THE NAME WITH A MEANING / *==>: 


THE KLEEN-E-ZE BRUSH CO.LTD. 
58,ANSTEYS RD. HANHAM BRISTOL 
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MERCURY-IN-STEEL 
TEMPERATURE INSTRUMENTS 


DIAL THERMOMETERS 
for Industrial purposes. 


DIAL THERMOMETERS 
for Diesel engine use. 


INDICATOR CONTROL 
THERMOMETERS 
with Electric Contact Head 


MAX. or MIN. 
INDICATORS. 





TEMPERATURE 
RECORDERS 

Single or Dual Pen. 

Fixed or Portable Models. 


TEMPERATURE 
CONTROLLERS 
Indicating and Non-Indicating 





£ 


Also a full range of BIL-METAL and VAPOUR PRESSURE 
Temperature Instruments. 
Write for details 


THE BRITISH ROTOTHERM CO. LTD. 


Merton Abbey, London, S.W.19. Telephone: LiBerty 7661 (6 lines) 
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LASSIFIED ADVERTISEMENTS 


DISPLAY ANNOUNCEMENT RATES :— 


LINEAGE ANNOUNCEMENT RATES :— 


BOX Nos. :— 
COPY DATE :— 


SITUATIONS VACANT 


SENIOR ELECTRICAL ENGINEER re- 
quired for Drawing Office Work on design, 
production and installation of Service, Indus- 
trial and Nuclear Projects. Experience on 
Medium and Low Power Installations, Servo 
Control Systems and Equipment, Instrumen- 
tation is essential. Salary commensurate with 
qualifications and experience. Apply in writ- 
ing, stating age, qualifications and experience 
to: * S.E.E.”’ Vickers-Armstrongs (Engineers) 
Lid . Barrow-in-Furness. 


EDUCATIONAL 


QUEEN MARY COLLEGE 
(University of London) 


POSTGRADUATE DIPLOMA IN 
NUCLEAR ENGINEERING 


A one year course of study in applied 
nucleonics and reactor theory will be 
given during the Academic Year 1959- 
60, and will prepare students for the 
above diploma. A good honours degree 
in Engineering, Science, or Mathematics 
is a necessary entry requirement. 
Studentships will be available to suitably 
qualified applicants but immediate appli- 
cation is necessary. A brochure describ- 
ing the course can be obtained from 


The Secretary, 
Nuclear Engineering Laboratory, 
Queen Mary College, 
Mile End Road, 
London, E.1 


AT YOUR SERVICE 


A! PHAMIN LIMITED.—A complete 

design and fabrication service avail- 
able for all types of aluminium and steel 
fabrication including welding by Argon- 
arc. process. We have _ considerable 
design exrerience and would welcome 
your enquiries. 4 Dunston _ Street, 
Kingsland Road, London, E.8. Phone 
CLIssold 4161. 





Electrical windings on_ production 
YASIS, F.H.P, armatures, stators, trans- 
formers, resistance tubes, Solenoid 
coils, chokes, etc. 
Immediate attention to all enquiries 
_ KENSAL ELECTRICS LTD 
ISL Kensal Road, London, W.10 
LAD 4530 





1 insertion 40/- per single col. inch 
6 insertions 38/- per single col. inch 


1/- extra will be charged 


12 insertions 36/- per single col. inch 
4/- per line. 5% discount 6 insertions, 10%, discount 12 insertions 


Advertisements for July issue to be received not later than 1Sth June 





GAMMA RADIOGRAPHY OF PIPELINES 
GAMMA AND X-RADIOGRAPHY OF 
TANKS AND PRESSURE VESSELS 
Weld examination to Lloyds, etc, Quick. 
efficient services available for work on 
site now, 


GAMMAX (LONDON) LTD., 
Cecil House, Wharfdale Road, 
London, N.1 
Frelephone: TERminus 0677 and 6925 





DESIGN TEAMS 
available for plant and mechanical 
engineering projects in the nuclear field 

NORRIS BROTHERS LTD 
53 Victoria Street, London, SW1 
Telephone : ABBey 6132 








BELGRAVE (MERCURY) 
LIMITED 
REFINERS and SUPPLIERS of ali grades 
of Mercury to hospitals, research labora- 
tories, the engineering and electrical indus- 
tries etc. REGULAR BUYERS of dirty 
Mercury in any quantity or condition. 
5. Belgrave Gardens, LONDON, 
N.W.8 Tel.: MAI 7513 





MANCUNA ENGINEERING 
LTD 
DENTON, MANCHESTER 
SPECIALISTS IN GAS CLEANING 
AND DUST TECHNOLOGY 
District Office: 
59 Victoria Road, Surbiton, Surrey 
Tel: ELMbridge 9793 








R. & J. PARK LTD 
Dominion Works, Chiswick 
England 
* 

Export packers, shippers and for- 
warding agents, Specialists in 
packing heavy machinery. 


C. W. GARRETT & SON 


for 
ALL DRAWING OFFICE SERVICES, 
PROCESSES, MATERIALS AND EQUIPMENT 


e 
WINDMILL ROAD, BRENTFORD 
MIDDLESEX 
Telephone : ISLeworth 4433 (4 lines) 














PARTRIDGE’S MODELS LTD 
2 


Leading suppliers of models 
to the Nuclear Industry 
& 
14 South Wharf Road, London, W.2 
PADdington 4653 


PATENTS—TRADE MARKS 


7 
BOSSHARDT, PERCIVAL & CO 
Chartered Patent Agents 
94 Market Street, Manchester, 1 
Phone: Manchester Blackfriars 6758 














SECURITY ADVISORY SERVICE 


and 
SECURITY GUARDS PROVIDED 
Security Specialists since 1935 
SECURICOR LTD 


Old Swan House, 
17 Chelsea Embankment, FLAxman 4831 
London, S.W.3. (22 lines) 


PRECISION MACHINED 
FABRICATIONS 
Metal enue and development 
service (A.I.D. and A.R.B.) 
MORFAX LIMITED 


Willow Lane - Mitcham - Surrey 
MITcham 4525 














A.l, ABC, ACCURATE ALL 
LANGUAGES TRANSLATION 
SERVICE (Dr. Fry, F.I.L.) 


TRANSPORT CONTRACTORS 
We are Specialists in 
Hauling Heavy Machinery 


* 
ADAMS BROS, (KINGSTON) LTD 
Manorgate Road, Kingston, Surrey 
KINgston 3336 (5 lines) 














Technical Chemical 
Commercial Legal 
Speed and Efficiency 
2 Victoria Gardens, PARK 
Ladbroke Road, 5087 & 7163 
London, W.11. 
PROTOTYPES 


Design and Construction 
of Special Machinery 


s 
RESEARCH ENGINEERS’ LTD 
Northampton Grove, Canonbury, 
London, N.1 
CANonbury 4244 Wilmaket, Nordo, London 


Specialists in the Deposition of 
RHODIUM, GOLD & SILVER 
for Industrial Purposes 
* 

JOHN GRIFFITHS & SONS 
(TWICKENHAM) LTD 
301 Richmond Rd., POPesgrove 

Twickenham, Middx. 2141 











METALLURGISTS 


Foundry Consultants, Analytical 
Chemists, Heat-treatment Specialists, 
resting Engineers 
KEIGHLEY LABORATORIES LTD 
Croft House, South Street, Keighley, 
Yorks. Tel: Keighley 3744 (2 lines) 











a 


FACTORY TIME RECORDERS 
Rental Service 
TIME RECORDER SUPPLY AND 
MAINTENANCE CO LTD 
157-159 Borough High Street, London 
S.E.1 
Telephone: HOP 2239 








BOILER CLEANERS 
Pneumatic Scaling 
and Repairs 
a 
J. WARREN (Boiler Scalers) LTD 
23 St. Paul’s Way. Bow, London, E.3 
EAST 1971 
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A.LD. 





CONTROL VALVES! 


We cover all fields from small CONTROL 
VALVES to COMPLEX FABRICATION for 
HIGH VACUUM WORK 
HYDRAULIC MECHANISMS with delicate 
instrument like sub-assemblies. 


SANDALL PRECISION CO. LTD. 
WATLING STREET, BLETCHLEY, BUCKS 


GAS BOXES! 


to intricate 


Tel: 3456-8 PBX 


wHat arE YOU Lookine ror? 
HYDRAULIC MECHANISMS! 


Facilities exist for: \deally clean assembly to 
U.K.A.E.A. requirements—deep freeze test- 
ing to —50°C also for design and develop- 
ment of equipment for your special needs. 


Grams: SANDALL 


A.R.B. 


BUCKS 
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STAINLESS TUBES & FLANGES 


We offer in approved grades of Stainless Steel 
FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 


PROFILES CUT TO ANY THICKNESS OR SIZE 
CASTINGS TO CUSTOMERS SPECIFICATION 


Keen Prices — Prompt Delivery 


Send enquiries to Dept. N.P. 





STAINLESS STEEL PROFILE CUTTERS LTD. Regd 
Desigs 
Farfac Works, Kings Grove, MAIDENHEAD. 'phone 1522/23. pt 














Tick Ne 174 on reply card for further details é 























Tick No 206 on reply card for further details 





A matter of simple division? 


No, Professor! Dividing floor space can be really difficult 
You’ve got to make sure each square foot is used to the most 
efficient advantage. And what about changes? Expansion ? 
New layouts ? 

Elementary, when you divide with NsE—the non-vibrating 
steel and glass partitioning that looks permanent but can be 
altered in no time to make offices, passages and bays of different 
sizes. It is inexpensive—even cheaper than wood ! 


NORWOOD STEEL EQUIPMENT LTD 
Makers of steel partitioning, steel plenum lockers etc. 
Please write to Dept. H.H. for free illustrated brochures: 
“STEEL PARTITIONING’, ““STEEL OFFICE FURNITURE and LOCKERS” 
or “‘STEEL STORAGE EQUIPMENT” 
149 Borough High Street, London, S.E.1 
HOP SO33 


and at Manchester, Birmingham and Bristol 





Tick No 208 on reply card for further details 


TOKALMURA «ESSERE 


At Tokai-Mura, 70 miles north-east of Tokyo, The General 
Electric Company Limited of Englai.d is to build Japan’s first 
nuclear power station. This 150 MW station will be powered 
by a single gas-cooled graphite-moderated reactor of the same 
basic type as the two which are being built by G.E.C. at 
Hunters:on in Scotland. In producing a design to ensure the 
safety of the installation even under severe earthquake con 

jitions, G.E.C. and her associate Simon-Carves Ltd., have 
brought to bear the results of much experimental work. For 
example, models of the pressure vessel mounted on a sup- 
porting skirt were subjected to horizontal! loads such as would 
arise from earthquake shock 

Unique protective devices will be provided capable of effec- 
tive operation even if the core should be severely damaged 
and tilted to an angle of 45°. In addition to the normal 
ontrol rod system there is a unique arrangement of boron 
steel Dalis which would be released into the channels in the 
core by seismic pick-ups outside the station or by cisplace- 
ment of the pressure vessel, the core itself, the grid or 
various other critical parts of the reactor. The station is 


expected to be in full operation in 1963. 


SCH Gee OF ENGLAND 


ATOMIC ENERGY DIVISION 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND ERITH, KENT 
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